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QUANTITATIVE ASPECTS OF THE RELATIONSHIP 
OF BIOLOGICAL MEASUREMENTS TO AGING PROCESSES 


ARTHUR R. TAMPLIN, Ph.D. 


(From the Donner Laboratory, Division of Medical Physics, Department of Physics, and the 
Radiation Laboratory, University of California, Berkeley) 


Biologists have long distinguished between chronological age and physiological 
age; that is, they have recognized that at a given chronological age individuals will 
exhibit different tendencies toward death. Thus biological experience indicates that 
a population is a group of individuals who are undergoing physiological aging at 
some assortment of rates and that this physiological aging leads to death. 

Obviously it would be very useful to be able to measure the physiological age or 
death tendency of individuals, since then those with a very high death tendency 
could be compared with those who have a very low death tendency in an effort to 
gain some insight into these aging processes. In a study of the evolution of coronary 
artery disease Gofman (2) introduced a highly effective approach to this problem. 
Gofman found that individuals who developed clinically manifest symptoms of cor- 
onary artery disease or who died from the disease had, on the average, higher con- 
centrations of certain serum lipoproteins. However, there was considerable overlap- 
ping of the lipoprotein distribution of the two groups; that is, many individuals of 
the groups who did not develop clinically manifest disease or die of the disease had 
levels equal to or greater than those who did develop clinically manifest disease or 
die of it. At this point one could say qualitatively that higher lipoprotein concen- 
trations were somehow related to coronary artery disease. In an effort to quantitate 
this relationship, Gofman divided the ordinate on the disease distribution by the 
ordinate on the non-disease distribution at the same lipoprotein concentration and 
thereby constructed a curve of probability of dying versus lipoprotein concentration. 
Thus here was a relatively simple method of quantitating the physiological age or 
death tendency in a population. Obviously by the inclusion of more biological mea- 
surements a more critical estimate could be made. 

Furthermore it developed in this study of lipoproteins and coronary artery disease 
that the mean of those who died of the disease approached the mean of the remain- 
der of the population as one went to the more advanced ages. In fact, if the study 
had been confined to individuals above 60 years of age, one might have concluded 
that no relationship existed. This is what would be anticipated if the lipoproteins 
were a measure of the rate at which individuals were developing death tendency. In 
other words, only individuals who were developing death tendency at a very high 
rate would die at younger ages, and as time went on individuals with lower and 
lower rates would be included. Thus it evolved from this study that ordinary statis- 
tical methods were not efficient in studies of aging, and a mathematical approach 
tailored to the particular needs of the problem was necessary. 
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Since this represents a bounded mathematical problem, for each population and 
set of parameters the various solutions are unique. Thus one can predict the maxi- 
mum relationship of any one variable as the number of equally related variables is 
increased, or one can predict the maximum relationship of all remaining measure- 
ments as the relationship of one is increased. The intent of this paper is to develop 
the mathematics and to discuss these relationships. In addition some mathematical 
models will be introduced to help illustrate these relationships. 


MATHEMATICAL FORMULATION OF AGING 

Two major categories of disease account for approximately 80% of the deaths in 
the United States at the present time. The number one killer is disease of the car- 
diovascular system, which accounts for 60% of the deaths, and number two is 
cancer, which accounts for 20% of the deaths. 

Shown in figure | are curves of the death rates of these two disease categories 
plotted against age for white males. These are semilogarithmic plots, and it can be 
seen that the death rates are complex functions of time. In the simplest case where 
these curves could be represented by a straight line, the analytical function which 
would define the death rate is: 

(1) D,; = D, e*' 
where: D = yearly death rate, 
D,, = constant, 
K = constant, and t = time 


Equation I is often called the “Gompertz Function” (9) and expresses the fact 
that a population’s death rate seems te double on a regular schedule with time. A 
population’s yearly death rate is a measure of the probability that an individual 
from that population will die within one year. Equation I will eventually lead with 
time to the erroneous situation where the probability of death is greater than unity. 
Shown in figure 2 are these same death rates plotted against reciprocal time. A 
straight line on this plot would be given by the equation: 

(II) D, = D, e*”* 


Equation II is more acceptable on fundamental grounds because it does not lead 
to the situation of a probability greater than unity. Furthermore it can be seen that 
above 30 years of age these death rates are better represented by straight lines in 
figure 2 than in figure 1. Also a plot such as figure 2 allows a more reasonable 
extrapolation to the maximum death rate at infinite time. The significance of this 
will be discussed later. 

These simple laws, as well as the more complex curves, state that the individuals 
of a population die at an increasing rate with age. Thus either (a) individuals are 
more susceptible to disease as they grow older, or (b) many diseases run a course in 
time, or (c) both factors are prominent in determining these death rates. The latter 
is obviously the most practical choice since included in the first is some underlying 
process like the second. Therefore, it can be conceded that death is generally the re- 
sult of some aging process or processes which impair the organism to such an extent 
that death ensues or leaves the organism easy prey for some one or combination of 
processes (diseases), random or otherwise, which are endemic to the population. For 
the present at least we need not be concerned with what is meant by aging or an 
aging process; the terms can be merely concepts which convey to us the accumula- 
tion of probability of dying, which the death rate curves show is a consequence of 
time. The premise is, then, that the nature of these death rate curves is controlled 
by physical laws which govern physical processes and that, through use of these 
laws, reasonable predictions of coming events can be made. 

Thus it is assumed that death in a human population is as predictable as the 
decay of radioactive atoms. One can, on the basis of some set of physical parameters, 
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arrange individuals into groups which differ in death rate much the same as the 
atoms can be grouped as elements and isotopes which differ in rate of decay. An 
array of physical measurements on the various atoms led to a knowledge of the 
structure of stable and unstable atoms. In an analogous manner, an array of mea- 
surements on individuals should lead to a knowledge of the nature of the “well” and 
“diseased” individuals. 

The foregoing would then suggest that, even though such an equation as I defines 
the probability of death for a population as a whole, it need not be representative of 
sach and every individual in the population; but rather, it avetages the experience of 
all the individuals and is the natural first choice for any individual or group of in- 
dividuals where accessory information is lacking. Indeed, it can be shown that sub- 
segments of a population will have laws different from that for the whole popula- 
tion. For example, Dublin and Marks (1) have shown that overweight individuals 
have twice the mortality at all ages as compared to underweight individuals. At any 
given age one would therefore predict too high a death rate for those who are un- 
derweight and too low a death rate for those who are overweight. unless the weights 
were taken into consideration. In terms of rational medical practice, the basis for 
this weight effect on disease processes is of extreme importance, because it seems as 
though these aging processes, which lead to accumulation of probability of death, are 
proceeding at twice the rate in the overweight individual. An understanding of the 
nature of this effect of weight should lead to information concerning these underly- 
ing disease processes. 

Through the use of other parameters besides age and weight, the population can 
also be segregated on the basis of death rates: blood pressure (4), serum lipopro 
teins (2), blood glucose (8). If one considered all these measurements simultane- 
ously and each was independently related to the death rate then one could better 
characterize the individuals of the population with respect to death rate. Through- 
out this paper death rates will usually be discussed with respect to specific causes but 
it should be remembered that these are just special cases of the over-all death rate. 

For the purpose of discussion an arbitrary function “T” (physiological age) will 
be introduced. “T” can be defined as a discriminating function which best separates 
a population on a scale of death rates, and is a combination of an arbitrary number 
of measures. This can be expressed as follows: 


(IIT) D = f(T) 


where D = yearly death rate 
(IV) T = am, Ms, Mas >+>- Nn» 


If the population were stratified on the basis of some parameter (n,), and the 
death rate for the entire population for some specific cause of death and for various 
subsegments (strata on the variable n,) of the population were compared, there 
would be two possible outcomes: (a) the values of “D” for the various subsegments 
could demonstrate no systematic variation from the value of “D” for the entire pop- 
ulation or (b) they would show a systematic variation. 

The interpretation of outcome (a) would be that the disease process is random 
with respect to the parameter “n,” or, in other words, that “n,” is unrelated to the 
disease state. The interpretation of outcome (b) would be that the parameter is 
somehow related (directly or indirectly) to the disease process. The intrinsic quan- 
titative relationship of a parameter to the disease process should be measured when 
all other related parameters are held constant and this can be expressed as: 


a “a 
(V) I, = (#7 i Bae 


ns. Pa 





~~ =~ A 


a =a 
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“ 


where J, represents the intrinsic relationship between the variable “n,” and the 


disease. These equations follow from V: 


(VI) dT = (2 ) dn, + (= ) dmg + eee + (a ) dn, 
dn: dns dn, 
: oo (=) (#*) dns (<7) dn, 
(VII) dn, \dn, + dnz/ dn, + ¥ dn,/ dn, 


Equation VII can be stated as: The total correlation between “n,” and “T” is 
equal to the sum of its intrinsic correlation plus the sum of a number of terms which 
are due to the correlation of “n,” with the other factors which also have an intrinsic 
correlation with “T.” 

The implications of equations V, VI, and VII are that, if it is found that there are 
n parameters which stratify the population with respect to death rate, and one 
wishes to decide which are the most strongly correlated, the most effective way of 
doing this is to take into account the various intercorrelations which exist. 

It may well be that many variables will stratify the population with respect to 
death rate, and yet not be related to the disease, but are able to do so because they 
are correlated with a parameter which is related to the disease. Furthermore, a vari- 
able may have a total correlation which is greater or less than its intrinsic correla- 
tion as a result of its intercorrelation with other effective parameters. 


In addition, having a group of parameters which are independently correlated 
with a disease death rate, it would be desirable to group them into a composite mea- 
sure in order to obtain the closest estimate of an individual’s probability of death. 
Here again this should be done in accordance with equation VI and only the inde- 
pendent contribution from each parameter should be combined into the composite 
measure. Calculated in this fashion, “T” would then be the best estimate of an in- 
dividual’s disease risk or mortality risk. 

Since the function “T” is developed for the purpose of studying the effect of 
aging processes on disease incidence or death rate, it is imperative that the relation- 
ship between “T” and age be understood or that the relationship between “T” and 
“D” be independent of age. Therefore, the value of “T,” to be of use in this respect, 
should include a measure of the extent to which disease (or aging) processes have 
progressed (or have made the organism susceptible to a disease). The nature of the 
death rate curves suggest that these disease or aging processes are proceeding at 
some assortment of rates within the individuals of a population. An individual’s age 
is simply a measure of the time over which the process has developed. The extent to 
which the process has progressed would be {' (rate)dt. Consequently, if the func- 
tion “T” includes a measure of the extent of all the time-related processes in a dis- 
ease state, then 


: 2) a 
(VITI) (i nis 


Equation VIII therefore is an important test for the function “T.” If equation VIII 
is not satisfied, there is some time related process not adequately accounted for in the 
measurement of “T.” 

The various parameters (n,) can fall into the following 5 classes with respect to 
the aging process: (a) those which are not correlated with any aspect of an aging 
process, (b) those which are correlated with the extent to which an aging process 
has progressed, (c) parameters which are a direct measure of the extent to which an 
aging process has progressed, (d) parameters which are a direct measure of the rate 
of progressior of an aging process, and (e) parameters which are correlated with the 
rate of progression of an aging process. 
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The last two classes (d) and (e) would have a special relationship to “T” which 
would be: 
(IX) (<) = f() 
dn, 
For these classes it would be necessary to alter the parameter to include the time re- 
lationship and thus write: 
(X) n; = fin, ,@) then (7) st Ks) 
dn, 

Assuming that some function “T” for a particular disease were developed which 
is a combination of n independently correlated measurements, the function could 
then be used to predict disease hazard with greater precision than any of the pa- 
rameters taken individually. Furthermore it would represent, at any given time. 
with respect to our state of understanding of the disease process, the most precise 
measure of risk. As an individual’s value of “T” increased, so would his probability 
of death. The very low values of “T” would have an attendant probability close to 
zero. The very high values of “T” would have an attendant probability close to 
unity. In other words a distribution on “T” would stratify the population into a 
continuous series of death rates. Therefore, at the point when the optimum pre- 
cision in the measurement of “T,” and hence disease risk, is reached, the distribution 
of “T” for a living population at some age, when compared with the distribution of 
“T” for those who die of the disease at that age, will present a situation similar to 
that of figure 3. 

Prevalent in the literature of the medical sciences today is an attitude toward a 
set of distributions like those of figure 3. The statement will be made that since so 
many of the living have values of “T”’ equal to and even higher than those who die, 
this value of “T” has no significance to the disease. If we were to change the dn ‘n 
in figure 3 to dl 1, “T” to wavelength, living to aluminum and dying to magnesium, 
then the above statement would become: Since the curves for the two elements over- 
lap, the intensity of the spectral lines has nothing to do with the nature of the atom. 
The physicists would say that is ridiculous, because inherent in this overlap is the 
explanation for the fine structures of the atom. This is true also for the disease case, 
and contained in this overlap is an understanding of the competing factors in the 
disease state. 

With the passage of time these curves should overlap to a greater and greater 
extent. The degree of overlap is a measure of the death rate, and, as the death rate 
curves show, this increases exponentially with time. Therefore, in very old indi- 
viduals, who must have a very high average death tendency, these two distributions 
should approach superimposition and, in such a case, ordinary statistical approaches 
would lead one to postulate that this measure was not, significant to the disease even 
though this superimposition of distributions represents part of the proof of sig- 
nificance. Consequently, it would be unfortunate if a study of a variable’s relation- 
ship to a disease process were confined to one age group and particularly so if this 
were an older age group. It is therefore incumbent upon the investigator to study his 
variable on as wide an age range as possible and then to stratify the population in, 
at most, decade limits to secure the information which is age-dependent. 

One curve in figure 4 represents an abstract distribution of “T” for a living popu- 
lation. The other curve represents those individuals who will die of a disease within 
one year. At any value of “T” the probability of dying within one year is simply 
the number of individuals with that value of “T” who will die divided by the num- 
ber of individuals who have that value of “T,”’ or the ordinate on the diers’ curve 
divided by the ordinate on the population’s curve. Thus it is possible from a set of 
curves such as those of figure 4, to construct a curve of “T” versus death risk. The 
slope of this curve is a quantitative measure of the relationship of “T” to the disease. 
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It is not practical to obtain such a set of curves as those of figure 4 on the entire 
population, but a practical approach is to obtain a random sample of a reasonable 
size. What a reasonable size amounts to numerically will depend upon the particu- 
lar problem being investigated. Obtaining a sample of a reasonable size of those 
who will die within one year without sampling a large segment of population is a 
genuine experiment in clairvoyance or at least would be if deaths from diseases were 
like deaths from impact with falling meteors. 

The problem of obtaining a reasonable sample of individuals who will die of a 
particular disease is made somewhat easier by the fact that, prior to death, clinical 
manifestations of the disease usually appear. The assumption can be made that 
those who die from the disease have the same distribution as those who are living 
with clinical symptoms of the disease. This assumption is generally quite valid since 
these people make up the bulk of those who die from the disease. For predicting 
morbidity this group with clinical signs would need no qualifying assumptions ex- 
cept that they are a random selection. 

Using a reasonable sample of individuals who have manifest clinical symptoms of 
the disease and a reasonable sample of individuals who do not have manifest signs. 
one could construct a set of distribution curves similar to those of figure 3. 

In this case the ratio of the ordinate of the diseased curve to the ordinate of the 
non-diseased curve is the relative probability of developing the disease (or, with the 
above assumption, dying of the disease). Having a particular value of “T,” the ab- 
solute probability of dying within one year from the disease would be: 


_ > Np =N L . r 
: = | — —— }(] See Apperdix 
(XI) i = (VM) (See Apperdix) 
N LL’ 7 =A D 
where ; the ratio of the ordinate at “T” on the diseased curve to the ordi- 
\ L 7 . 


nate at “T” on the non-diseased curve. 


Zitz 


( Ns) the ratio of the total number of people in the non-diseased group 
to the total number in the diseased group, 

and (M) = the population yearly death rate 

If “M” were the disease incidence rate per year, then “P” would be the probability 

of developing clinical sequela of the disease within one year. 

Eventually, in order to justify fully the use of the group with manifest clinical 
symptoms in the development of the disease risk curve, it will be necessary to show 
that there is no change in the value of “T” upon the development of manifest symp- 
toms. Therefore the point is reached where one has to select those who develop 
clinical sequela of the disease from the population and measure their “T” values 
before the incident occurs and again after the incident. Here again the problem of 
sampling a large segment population is encountered. 

Part of this difficulty can be circumvented by the expedient of sampling a popula- 
tion subsegment known to have a large disease incidence rate and thus lessen the 
number of individuals that have to be sampled. This can best be accomplished by 
choosing an older age group as a sampling medium. The number of individuals 
necessary for the study then depends upon the disease incidence rate. But even here 
the obvious objection could be raised: Can one be certain that the findings in this 
older age group parallel the findings in younger age groups? As a result, a full scale 
population study may be necessary to quiet the last objection. 

In an actual study, the formula for the function “T” would be derived from an 
analysis of the relationship of the parameters to the probability of death. In fact the 
function “T”’ may not even be calculated because the probability of death should be 
a unique function of “T” and as such could be used in place of it. The quantitative 
relationship between the values of a measurement and the death rate are obtained 
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through the use of equation XI and can be represented by a curve of probability of 
death versus the values of the measurement. Once the relationships of all the mea- 
surements to the death rate and the relationships of the measurements to each other 
have been determined, the probabilities can be combined according to the following 
equations which are derived in the Appendix: 


(a) For those variables which are stochastically independent: 


: P(D/L) 


Where: P(D/n, ,n. , «++ n,L) is the probability of dying, given that one is a mem- 
ber of the living population and possesses a particu- 
lar set of values for the various parameters. 


r-l 
CATT) POD nm, 6m 5° nd) = | | P(D/n,L)P(D/nL) +++ P(D/n,L) 


P(D/n,L) is the probability of dying, given that one is a mem- 
ber of the living population and has a particular 
value of parameter “n,”. This is the value derived 
from Equation XI 


(D/L) is the population’s yearly death rate. 
( ) pop ) ) 


(b) For those variables which show a correlation with one or more of the other 
parameters: 


(XITD POD Haas 5 Ree 5 °° Ned) 


POR: 15/Ns DPC x5 / Ress »Rerigl) **> 
Pt o/s EPO s/c xd. ¢ Moved 


= PLD/n... 2 


o> PU. 5 /Mexs Mesa» °° * Bese) 


2 
2 se, ee, Cee, eee 


P(n,.4/'Ne+, , Nes2D)is the probability of having a particular 
value of the parameter(», ,,, given that 
one is a member of the population of 
diers and has a particular set of values 
for the other two parameters. These 
various terms are analogous to the Ist, 
2nd, 3rd, etc. order partial correlation 
coefficients. 


(c) Equation XII and XIII can be combined according to: 
(XIV) P(D/n, , 2 5 *** Nesyls) 


= FE 5 pw Hy 5 Me 5 *** MADOC /n..) 5 Mets 5 8 ** Mere) 

In an experimental situation equation XIII would present a formidable barrier to 
the solution of the individual probabilities, since it would require ordering the popu- 
lation on all the possible combinations of the correlated parameters and reduce the 
population to a series of small groups from which the magnitude of error, due to the 
small number in each group, could be very large. A practical solution to this di- 
lemma is of course to make approximations, such as exclusion from Equation XIII 
of variables with low order correlations. The degree to which approximations will 
have to be made will depend upon the size of the population and the number of 
measurements. However, the point is not only to measure the probability of death 
with precision but also to comprehend the association of the parameters with the 
disease process. 
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At this point some mathematical models will be introduced for the purpose of 
illustrating the further development of the concept. In each of the models presented 
the base population will be normally distributed (in a statistical sense) on the vari- 
ables used at age zero. The range of the parameters shall be from 50 to 150 units 
with a mean of 100 and a standard deviation of 10 units. The populations shall be 
considered as concentrated at values of the parameters divisible by 5. The relation- 
ship between the death rate and the parameters in the models in all cases has the 
form: e“/', This formulation was used as it is consistent with equation II. In re- 
ality the equation can take on any form with the boundary conditions that D lie be- 
tween 0 and |. The form of the equation in any case would only change to numbers 
obtained. The general aspects will not be altered. All integrations were carried out 
on IBM computing equipment using the trapezoidal rule with At 1. In the 
models K, C, a, and b are constants and D is the yearly death rate. The variable 
mean of 100 was chosen quite arbitrarily, but the reader can appreciate that many 
biological measurements such as weight, blood pressure, and blood glucose fall in 
this range. The values of the constants were chosen so that, in the first two models, 
they would give death rate curves similar to those of figure 2. 


Model I. Only a time-related parameter is assumed to exist. The population is 
distributed on a variable n, which is considered to be the rate at which the time-re- 


" and n, = nit; aa = 0 
dt 
with K = 12,000 and 24,000. The population death rate plotted against 1/t on a 


semilogarithmic scale is given in figure 5. 


lated parameter is developing such that P(J)/n,L) = e* 


Model II. In addition to the time-related parameter of Model I, a non-time re- 
lated parameter is considered. This variable is stochastically independent of n; and 


n, and its relationship to the death rate is given by P(D/n,L) = Ce~’’" . The 
value of “C” is so adjusted that the value of P(D/n,L) = 1 when the value of 
n, = 150, the maximum value it assumes in the distribution. Given in figure 5 are 


the semilogarithmic plots of the death rate versus | t for “K” of Model I equal to 
24,000 with “a” above equal to 100 and 200. 


Model III. Again only a time-related parameter is considered. In this model its 
rate is considered to increase exponentially with time according to n, = n,e¢"' with 
b= In 2 . Again dn, =n, and hence yn, = Mo 

60 dt b 
death is given by P(D/n,L) = e *' with K = 24,000. Shown in figure 6 is the 
semilogarithmic plot of the death rate versus | /t. 


(e’' — 1) . The probability of 


Model IV. This model is identical to Models I and III except that the original 
values of the parameter are each reduced by 10%. The value of “K” is 24,000. 
Shown in figure 6 are the semilogarithmic plots of the death rates versus | t for the 
two death rate functions in this model. 


DISCUSSION OF MODELS 


Model I represents the simplest form of a population death rate function. These 
curves extrapolate to a death rate of unity at infinite time. Obviously the slope of 
the curves will depend upon the distribution of rates in the population and upon the 
value of “K.” 


Model II is representative of the effect of a non-time-related parameter on a death 
rate function. The net effect is to reduce the over-all death rate by some factor de- 
pendent upon the distribution of this parameter and its relationship to the death 
rate. The stronger the relationship and the broader the distribution, the greater will 
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be its effect on the death rate. In figure | a value of “a” = 100 caused a reduction 
in the death rates of Model I by approximately 30% and a reduction in the maxi- 
mum rate at infinite time to 0.7. A value of “a” = 200 caused a reduction of 50% 
and a maximum rate of 0.5. The slope of the curves, however, remains constant. 
Whereas a change in the distribution of the time-related parameter causes a change 
in the slope of the death rate versus |/t curve, a change in the distribution on this 
non-time-related parameter should change the intercept at infinite time but not the 
slope. In the curves of figure 2, heart disease extrapolates to a death rate of unity at 
infinite time, while cancer extrapolates to approximately 0.5. This can be inter- 
preted as meaning that non-time related parameters seem to have a much more 
substantial contribution to cancer mortality, while with heart disease there seems to 
e little dependence upon such non-time-reclated parameters. 

Extrapolation of the death rate curve of Model III to infinite time leads to a death 
rate greater than unity. This occurs because | ‘t is not the proper function of time 
to use in plotting the death rates of this model if one uses a straight line for extrapo- 
lation. If, however, this model had included an appropriate non-time-related vari- 
able, the death rate could have been reduced such that extrapolation in figure 6 
could have seemed reasonable because it would have led to a death rate less than 
unity. Thus one has to be cautious about interpretation of the death rate curves, 
because, given enough parameters and a full swing of possible relationships, an un- 
ending chain of models which fit the curves of figure 2 could be forthcoming. 


Model IV, besides illustrating the effect of a change in distribution on the death 
rate curves, is an example of what might be anticipated if a therapeutic regimen, de- 
signed to reduce each individual’s rate of aging by 10%, were applied to a popula- 
tion with these death rate relationships. The death rates for all ages were reduced 
by approximately 50% and, as a result, more individuals lived to advanced ages as 
shown in table 1. 


Model IV also illustrates the point that differences in rate of aging are more easily 
detected at the lower ages where these curves are more separated. Furthermore, it 
indicates that changes in rate of aging are associated with a change in slope but not 
the intercept. 

In an actual experimental situation, the various relationships to the death rate 
will come from an analysis of the experimental data, and these models may never 
find a counterpart in reality. However, they are sufficient to illustrate some of the 
salient points in an aging process which should aid in the analysis of any actual 
data. 

The curves of probability oi dying at ages 30, 50, and 70 as a function of the 
values of the non-time-related parameter of Model II with a = 200 are plotted in 
figure 7. These curves have the same slope, but the’ intercept at 1/n = 1/150 in- 
creases with increasing ages. This occurs because the population is aging and, with 
time, becomes distributed over a higher and higher range of values of the aging 
parameter. In the limit when the entire population has progressed to an infinite 
amount of aging, this curve will have an intercept at unity. The curve is defined at 
this point by the following equation: 


(XV) Ppa) = Ce” 
P,(D/n,L) will be called the absolute probability of parameter n.. It is measured 
when all other related parameters are at their maximum, where P,,(D/n,L) = 1. 


In figure 8 are the curves of probability of dying at age 30 as a function of the 
aging parameter with K = 24,000. One curve is that obtained in Model I, with no 
non-time-dependent variable, and the other is that for Model II with the non-time- 
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dependent parameter for which a = 200. These two curves are related through the 
following equation: 


No Tnine 


(XVID* P(D/n,L) = P,(D mb © a P,(D nb) 
sv L 

P(D/n,L) is the measured probability of Model II and P,(D/n,L) is the corre- 
sponding probability obtained in Model I; in which case, the population could be 
considered as distributed at the point P,(JD/n,L) = 1. Equation XVI merely states 
that the measured probability for a particular value of a measurement is the mean 
probability for all the individuals who have that value of the measurement and the 
various values of other related measurements. In the limit as n, approaches infinity, 
P,(D/n,L) approaches unity and P()/n,L) is equal to the quantity in the bracket 
of equation XVI. Thus the intercept at | /‘n, = 0 is equal to the quantity in the 
bracket. Since these parameters are uncorrelated, the value of the bracket is the 
same for all values of n,, and therefore we obtain these two curves with the same 
slope. Equation XII can be written as follows: 


n ynine 


(XII) P(D/n, , nL) = PAD mb] D = P,(D nl) | 


L 


P(D nib © \" P,(D nD | oa 5 | 


L 
In the special case where P(D/n, ,n,l) = 1, then P,(D/n,L) = P,(D/nb) = 1 


and therefore: 


(XVII) P(D/L) = |= = PD nt) | S a P,(D md) | 


L L 


and obviously 


(XVITI) P(Din, , nob) = Ps(DnL)P.(D nL) 


The closer a quantity within a bracket approaches unity, the less significant the 
parameter is in defining the population’s death rate, and, conversely, as the value of 
the bracket approaches the death rate, the more important the parameter is in this 
respect. Also, as P(J) n,L) approaches unity when n, approaches infinity, the pa- 
rameter becomes a more efficient predictor of mortality. It can be easily seen that if 
one bracket of equation XVII is unity, the other defines the death rate and, since 
each bracket is the other paramcter’s intercept, then the intercept of the one pa- 
rameter is unity. 

For a particular death rate versus age relationship, such as one finds for heart 
disease or cancer, the number of parameters and the magnitude of their possible 
relationship to the death rate are mutually dependent. The greater the number of 
non-intercorrelated parameters, the less their possible relationship to the death rate; 
that is, the less the slope of the curve of probability of death versus the value of the 
parameter. Therefore, if a disease has a multiple cause etiology, the problem of 
ferreting out the relationship becomes more difficult as the complexity of the disease 
process increases. In fact, the difficulty increases along a power series, since the 
probabilities are multiplicative. The foregoing has one important application. This 
is—having uncovered a relationship between a parameter and death rate from a 


*See the Appendix for definition of the terms. 
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disease, one can assess the magnitude of the possible relationship of any further 
parameters. Equation XVI can be generalized to: 


rms 


4V L 


n n, yrungr 
(XIX) P(D/n,L) = P4(D/n,L) TI & 4_ P,(D nt) | 


As the P(D/n,L) approaches 1 when n, approaches infinity (a), the right hand 
term must also approach unity. Since, at the limit, P,()/n,L) is unity and none of 
the bracketed quantities may exceed unity, the only manner in which the product 
can go to unity is if each and every bracket goes to unity. Thus, the intercept on the 
probability axis at n, = @ or 1/n, = 0 is the minimum value that any remain- 
ing bracket may assume, or that the product of the remaining brackets may assume. 
The intercept can therefore be used to judge the relative efficiency of the parameter 
for predicting mortality, since, as the intercept approachs unity, its efficiency in- 
creases. 

The above discussion applies primarily to non-intercorrelated parameters. With 
correlated parameters the value of the bracket will not be constant for all values of 
a parameter because, depending upon the correlation, the factor V7'"*/N"; will 
change as the value of n, is changed. This will alter the slope of the curve of P( ) /n,L) 
such that it will no longer be equal to the slope of the curve for P,(D/n,L) . As 
the degree of correlation increases, the slope will continue to change and the ob- 
tained curve will become more composite. At the point of perfect correlation, where 


Nv N"; = 1, the following would apply: 
(XX) P(D/n Lh) = P4(D/n,L)P4(D/nL) 


The association of any non-time-related parameters with death from a disease 
process will cause the curve of death rate versus time to approach a limit less than 
unity, as in Model II. This intercept on the death rate curve at | /¢ = () can there- 
fore be of use in estimating the effectiveness of non-time related parameters in the 
disease death rate; it represents the maximum value of the intercept of any aging 
parameter in a plot of P()/n,L) versus 1 /n, , and also represents the product of 
all the brackets of equation XIX for the non-time-related parameters. If an aging 
parameter extrapolates to a death rate closely approximating the value of the inter- 
cept at | /¢ = Q), it can be considered as the primary aging process in the disease. 
If the bracket of a non-time dependent parameter approaches the value of this inter- 
cept, it can be considered as the primary non-time-dependent parameter associated 
with the death rate from the disease. 

Equation XVII can be applied to Model II, in which there is one aging parameter 
and one non-time dependent parameter. The value of the bracket for the aging 
parameter will increase with age, since the population, with time, is distributed over 
higher values of the parameter which have larger probabilities of death. As a result, 
the intercept of the non-time-dependent variable will increase. Conversely, since 
individuals with larger values of the non-aging parameter die off at higher -rates, 
the population will, in a relative sense, be distributed over lower values of this pa- 
rameter, and its bracket will decrease in value as will the intercept of the aging 
parameter. In other words, as should be anticipated, the non-aging parameters be- 
come more important predictors of the death rate as the population’s age increases, 
while the opposite applies to the aging parameter. This implies that the most effi- 
cient region in which to investigate an aging parameter lies in the younger age 
groups. The following consideration emphasizes this point, particularly so if a small 
population sample is used (and this is universally the case). 

Given in figure 9 is a generalized probability curve of the type used in the models; 
but in this case the one hxis is n instead of 1/n. This curve, as is true of any prob- 
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ability curve, must have a limit not to exceed unity. Therefore, this curve ap- 
proaches unity asymptotically. With time, the population will become distributec 
over larger values of the aging parameter and eventually could be distributed ove 
the asymptotic portion of the curve. The difficulty in this case is obvious. It is no 
too unreasonable to assume that some population could distribute over this portioy 
of the curve, in some aspect of a disease, while still in their teens. It may be that 4 
population could be distributed over this portion of the curve on a number of related 
parameters, both aging and non-aging. In such a case the brackets of equation XVI 
for these parameters will be close to unity although the relationships to the death 
rate may be rather large. Thus the distribution can obscure a strong relationship 
since one can only measure that which exists in the population at the time of the 
study. This consideration should indicate the wisdom in choosing young popula} 
tions for the study of aging processes. 

Another significant comment about a probability curve of this general type is th 
an individual who lies in the asymptotic region of probability will have to effect 
large change in the parameter before he enjoys any appreciable lowering of prob 
ability, while an individual lying in the steep portion of the curve can experience p 
large change in probability with only a modest lowering of the parameter. Thre 
foregoing can be summed up briefly by the statement: If a relationship between fa 
parameter and the death rate from a disease can be demonstrated, it is conclusive 
evidence; however, if no relationship can be demonstrated, the result is not conclu 
sive; particularly so if the sample is small and the population is at an advanced agp. 

The above considerations shall be summarized with respect to their effect on the 
two types of parameters. The non-time-dependent parameters will be considerdd 
first and then the aging parameters. It is important to point out again that, al- 
though these models may not find a place in reality, the information extracted from 
them is valid in reality. 








NON-TIME-RELATED PARAMETERS 


The curves of probability of dying at ages 30, 50, and 70 as a function of the non- 
time related parameter of Model II with a = 200 were given in figure 7. These 
curves have the same slope, but the intercept at 1/n = 1/150 increases with increas- 
ing age. The ratio of the intercepts at two different ages is approximately equal to 
the ratio of the death rates for these ages. This will, in general, be true for a non- 
aging function; since its bracketed quantity of Equation XVII is essentially constant 
with age, its intercept, which is the other bracket of Equation XVII, must be the 
same fraction of the death rate at all ages. The value of the bracket does change 
somewhat with age due to a proportional increase in the distribution about lower 
values; but this should usually be small when compared to the increase in death 
rate with age. 

In Model II the absolute probability of n. = 150 was set equal to unity. This 
means that the extrapolation of the curves in figure 7 beyond the point 1/n = 1/150 
is not correct. A horizontal line should connect this point with the probability axis. 
This model serves to indicate possible error which can be introduced by extrapola- 
tion beyond the points where data is available. In the absence of accessory informa- 
tion both the extrapolated point and highest point for which data is available could 
be used to place limits on the relationship. Of course the steepness of the slope of 
the curve will determine the probable error. As more information becomes available 
concerning the relationship of a parameter to the disease, a more critical estimate of 
the intercept can be made. 

If, instead of this parameter, one which was correlated with it were measured, a 
curve of probability versus this new parameter could be obtained. If this new pa- 
rameter has no relationship to the death rate except through the above correlation, 
then the slope of the obtained probability curves would approach, as a maximum, 
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the slope of the curves of figure 7 as the degree of correlation increased. The rela- 
tionship of the ratio of the intercepts to the ratio of the death rates at different ages 
should not change, however, unless the degree of correlation changed with age. The 
value of the bracket of Equation XVII will be closer to unity for the correlated pa- 
rameter than it would be for its correlative. If the two non-time-related parameters 
were correlated and each had an intrinsic relationship to the disease death rate, 
then the slope of the curves would be altered continually until the point of perfect 
correlation. With positive correlation the slopes would increase, with negative cor- 
relation they would decrease. 

One rather critical feature of a non-time-related parameter is its ability to lower 
the intercept at infinite time. Thus the distribution of the parameter in the popula- 
tion, together with its relationship to the death rate, could place a limiting value on 
a population’s rate of decay. This is done without altering the slope of the death 
rate curve as a function of age. Thus, if two populations existed which had different 
intercepts at infinite time, a difference in the distribution on a non-time related 
parameter should be suspected. It is these non-time-related parameters which de- 
termine the value of “Do” in the Gompertz function. 

Lastly, since at any age individuals with higher values of the parameter are dying 
off at a greater rate, the mean value of a non-time-related parameter will decrease 
with age both in the living and dying population. This is the opposite to what oc- 
curs for the mean amount of accumulated aging. 


AGING PARAMETERS 

Aging parameters should be broken into two classes; one being parameters which 
are a measure of the rate of aging, and the other, those which are a measure of ac- 
cumulated aging. This section will deal with the latter and the rate parameters wil! 
be considered in the succeeding section. 

In the case of a disease which had only one associated aging process, the intercept 
of the aging parameter at | n = 0 would be limited by the non-aging parameter 
and should be close to the value intercept at 1/t = 0 on the death rate versus | 
plot. The value of the intercept at 1 n = 0 should decrease slightly with age since 
the product of the brackets of Equation XVII for the non-aging parameters should 
decrease with age. This is opposite to what occurs with a non-aging parameter. 

If the parameter were merely correlated with the aging parameter and otherwise 
not associated with the disease, the slope of the probability curves at all ages would 
be lower. When the degree of correlation was low only the younger ages would 
demonstrate the relationship to the death rate and as the correlation increased it 
could be demonstrated at older and older ages. Thus at modest correlation the slope 
of the curve of probability versus | n would be gradually lowered with age until at 
an advanced age it would be zero. This occurs because as a population ages it be- 
comes distributed over a more and more asymptotic portion of a curve such as that 
of figure 9 where low order correlation will be fuzzed out. Unless something bizarre 
occurs in a population, this situation of changing slopes with age should only occur 
in association with a correlation to an aging parameter. Such a bizarre occurrence 
would be a lowering with increasing age of the degree of correlation between two 
non-time-related parameters. 

In the case of a disease which has more than one associated aging process, the 
intercept at | t = 0 on the death rate versus 1/t curve is still the yardstick to use 
for estimating the effectiveness of the aging parameter in predicting morbidity. 
Equation XVII for a disease with two aging parameters would become: 


(XXI) [A] [B] [X] = P(D/L) 


where [A] and [B] would represent the value of the brackets for the two aging 
parameters and [X] the product of the brackets of the non-aging parameters which 
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is closely approximated by the intercept at 1,t = 0 on the death rate versus 1/t 
curve. The intercept at 1/n = 0 on the probability curve for the parameter of 
bracket A would be: 
Intercept = [B] [X] , 
then [A] = P(D/L)/[B] [X] 
and [B] Intercept/[X | 


Since the value ofthe bracket for both aging parameters increases with age the ratio 
of the intercepts at 1/n = 0 will rarely be equal to the ratio of the death rates be- 
tween two ages. The ratio of the intercepts should generally fall between the square 
root of the ratio of death rates and unity. They would be equal to the square root 
of the ratio when both parameters remained equally effective but as one overtook 
the other in effectiveness the ratios for both parameters would approach unity. The 
measurement with the largest intercept at |, = () would be the more strongly 
related measurement. 

If these two aging parameters were intercorrelated the slopes of the probability 
curves would again change with age and depending upon the degree of correlation 
this effect would extend to older age groups. Low order correlations could be cor- 
rected from the younger ages by use of the curves at advanced ages where the effect 
of the correlation is fuzzed out and the slopes are less composite. 

The mean amount of accumulated aging increases with age in both the living and 
dying population. This is in direct contrast to what occurs with non-aging pa- 
rameters. 

RATE PARAMETERS 

The curves of probability of dying at various ages versus a rate parameter would 
appear similar to the curves of a parameter correlated with the amount of accumu- 
lated aging. That is, the slope of the curves would decrease with increasing age. It 
should be possible in most cases to distinguish between the two situations because 
in general the mean value of a rate parameter should decrease with age for the 
population of diers, while for a parameter correlated with the amount of accumu- 
lated aging, the mean should increase with age. 

It is possible that the value of the rate parameter could increase in the population 
at such a rate as to cause mean value of the diers to increase with age. In such a 
case, however, the rate parameter would be highly correlated with the amount of 
accumulated aging and could be used in lieu of the aging parameter. 

When an investigator is confronted with a rate parameter and lacks accessory in- 
formation regarding the nature of the function: 

Aging parameter = i(rate) dt, there will generally be several alternatives 
open to him whether he chooses to be intuitive or forthright. For a rigorous exten- 
sion, one would require the accessory information. However, a certain amount of 
pertinent data concerning the integrated function can be obtained from analysis 
with the rate parameter. 

If a measurement of a rate parameter at some one age can be used to predict 
definitely the value of the rate parameter at all previous ages, then at any one age 
the rate parameter is perfectly correlated with the integrated aging function. The 
»xtrapolation of the probability curve for the rate parameter to 1/n = 0 should lead 
to the same intercept as will extrapolation of the aging parameter. Furthermore at 
any one age the rate parameter would be equally as efficient a predictor of mortality 
as the aging parameter. The predictive ability of the rate parameter, at any one age, 
will depend upon degree of correlation between the rate parameter as measured at 
that age and the aging parameter. Both the slope and intercept of the probability 
curve derived from the rate parameter will decrease as the degree of correlation de- 
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creases. Therefore the value of the rate parameter’s intercept at any age would rep- 
resent a minimum value for the aging parameter’s intercept. 

There are some special considerations such as the possibility that the absolute 
probability of a measurement (Pa) need not extrapolate to unity at 1/n = 0. These 
considerations will cqmplicate the mathematics but will not alter the over-all con- 
siderations. 

TREATMENT AND PREVENTION 

An individual at age 55 will have a particular amount of accumulated aging and 
a particular rate of aging. The aging parameter together with the non-aging pa- 
rameters will determine his probability of dying at that age; his rate of aging will 
determine his increment of probability at subsequent ages. On this basis one can 
‘alculate what his probability at age 65 will be. This calculated probability at age 
65 could be reduced by one or a combination of the following three factors: (a) 
reduction of the value of non-time-related parameters, (b) reduction of the rate of 
aging, and (c) reduction of the present amount of accumulated aging. If the pro- 
jected risk can be reduced, there should be no argument as to the possibility of 
accomplishing the reduction by either (a) or (b). Whether or not aging, once it is 
accumulated, can ever be regressed is a question of extreme moment from the stand- 
point of rational medical practice. The question is, “Can an individual grow sub- 
stantially younger?” If the answer is yes then treatment of an aging process even 
at an advanced age could result in a substantial reduction in risk. If the answer is 
no then the logical approach is to keep people young by lowering their rate pa- 
rameters early in life and maintaining them at a low level throughout the subse- 
quent years. ; 

The answer to this question would be of extreme importance to one who wished 
to design an experiment with the purpose of testing the efficacy of a therapeutic 
regimen by measuring mortality or morbidity changes. If the only effect possible 
was the reduction of the rate of aging, then it would be incumbent upon the investi- 
gator to use a young population and to allow a sufficient time for the difference in 
the rates to produce a sufficient difference in the aging parameter. This, unfortu- 
nately, is seldom the case in the experiments reported in the literature of the medi- 
cal sciences. Even if the answer were yes, an amount of time would have to be 
allowed during which regression could take place. In any experiment involving 
aging, the time factor must not be overlooked. It is possible that some extremely 
useful remedies have been disregarded because of this oversight. 

The ultimate answer to the question of regression will probably have to await a 
more complete understanding of the competing factor in the various diseases of 
aging. In the meanwhile, experiments conducted on these diseases should allow for 
either answer and for time. 

SUMMARY 


A method of evaluating physiological age was presented. The method is based 
upon an analysis of the association of biological measurements to death rates or to 
disease occurrence rates. This approach has the virtue of being quantitative and 
allowing the investigator to assess the relative importance of various measures to a 
disease process. 

The requirements which must be imposed upon studies of aging processes were 
discussed. Primary among these was the necessity for controlling age and conduct- 
ing the experiment on as many age groups as possible because not only the age- 
controlled information is important but also the age-dependent information. 


The obvious necessity of accounting for time in any experimental study of an 
aging process was pointed out. 
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APPENDIX 


Definition of Symbols: 


P(n,/L) Probability of having a particular value of parameter n, given be- 
ing alive. 
P(n,/D) Probability of having a particular value of parameter n, given hav- 
ing died within the previous year. 
P(D/L) Probability of dying within one year given being alive. 
P(nz/n,L) Probability of having a particular value of parameter n. given hav- 
ing a particular value of n, and being alive. 
N"; Number of individuals alive with a particular value of parameter 
ny. 
Nn" Number of individuals who die in one year and have a particular 
value of n,. 
Nr Total number of individuals living. 
T Total number of individuals who die in one year. 
New Number of individuals alive with a particular set of values for the 
two parameters n, and nz. 
nue = Number who die in one year and have a particular set of values 
for the two parameters n, and nz. 
, This notation means that one must sum over all value of the mea- 


surement n. 


Since by definition 


_ Thy +7 
I. P(n,/L) = ss : P(n,/D) = vs : P(D/L) = we 
N L N D N I 
then 
Ii. P(D/n,L) = Nb _ oo: } P(D/L) = Equation XI of the text 
N"; (n, ‘L) 
and 
P(n./D) 
2 a é 2 
IIT. P(D/n.bL) = P(n,/L) P(D/L) 
IV. Ni”? = N'7|P(n./n,L)] since P(n2/n,L) = " - 
- L 
If n, and n, are completely independent then: 
V. P(n./n,L) = P(n2./L) and thus 
Vi. Ni” = N[P(2/L)] = N7[P@,/L)\[P@2/L)] 


and similarly 


VII. Ni” = Np[P(a,/D)][P(2/D)] 
Thus by Equation II, II, VI, and VII 
Np" — P(D/n,L)P(D/n2L) 


VIII. P(D/nn,L) = ver = P(D/L) 
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and in the general case Equation VIII becomes Equation XI of the text. If the pa- 
rameters are correlated, Equation V does not hold, and Equation IV must be ap- 
plied. Then the Equation for correlated parameters is: 


X. 


P(D/n,n.L) = P(D/n,L) 


P(nz ‘n, D) 
P(n./n,L) 


and in the general case Equation IX becomes Equation XIII of the text. 


ADDENDUM 


Aging and Coronaru Artery Disease 


The choice of coronary artery disease as an example 
for the study of aging is by no means purely academic. 
A long-standing clinical impression (like old wives’ tales 
they often have a basis in fact) is, “Man is only as 
old as his arteries.” One of the salient features of coro- 
nary artery disease is atherosclerosis, the deposition of 
lipids in the walls of the arteries. Numerous patholog- 
ical studies (3, 6. 7) have demonstrated that this is a 
chronic accumulative disease rather than an acute proc- 
These studies show that the average degree of 
atherosclerosis increases in the population with age and 
that those dying with clinically manifest signs of the 
disease have, on the average, a greater degree of involve- 
ment of the coronary arteries with the atherosclerotic 
process. The nature of this relationship of atherosclerosis 
with coronary artery disease is sufficient to suggest that 
this an important, if not the sole, aging 
process associated with deaths resulting from coronary 
artery disease. Furthermore the degree of atherosclero- 
sis in the coronary vascular bed correlates io a consider- 
able extent with the degree in other vascular beds (9). 
In general this process of deposition of fat in the arteries 
of the body has been given as a prime factor in the 
course of a great number of the ills which befail human 
beings as they advance in age (5). 


Css. 


process is 


After accepting this eminently reasonable hypothesis 
as an approach to the pathogenesis of coronary artery 
disease, the next logical step would be to ascertain the 
extent to which the degree of atherosclerosis in the 
coronary bed was predictive of mortality from coronary 
artery disease. It is not feasible to measure directly the 
degree of atherosclerosis in the coronary vascular bed of 
a living individual, and therefore the investigator is 
forced to search for a biological measurement which is 
strongly correlated with the direct measurement and 
can be performed on a living population. Again the 
straightforward method of determining this correlation 
is to make the indirect measurement on a living popu- 
lation, wait for the population to die, and then make 
the direct measurement. This attack could prove to be 
very costly in time, particularly if a number of un- 
correlated measurements were investigated before a 
strongly correlated measure was uncovered. 

A more practical approach is to use the group of indi- 
viduals in the population who have developed clinical 
manifestations of the disease as a test medium for the 
biological measurements. As a group, these individuals 
should have an average degree of atherosclerosis which 
is higher than that for the remainder of the population. 
It should be pointed out at this time that regardless of 
the approach which leads to the correlations, or the 


interpretations made of them once they have been 
found, the correlations found between biological mea- 
surements in these two groups shall be able to stand on 
their own merits. A measurement which is able to 
predict the morbidity or mortality of coronary artery 
disease does it regardless of or in spite of any interpre. 
tation of its role in the disease. 

It was probabiy this association of atherosclerosis with 

coronary artery disease which has long suggested that 
the disease is somehow related to certain lipid constitu- 
ents of the body. In particular evidence has accumu- 
lated (2) which demonstrates a strong relationship be- 
tween coronary artery disease and the concentration of 
certain serum lipoproteins. 
Given in table 2 are the means and standard dev .- 
tions of the concentration of S} 0-400 lipoproteins in 
the serum for males by decades between the ages of 
40 and 60 years. Listed are the values for a group of 
individuals who have survived a myocardial infarction 
and a group who show no clinical evidence of coronary 
ariery disease together with the results of the usual “t” 
test for significance of the difference between means. 

Listed in table 3 are the mean values for rate of aging 
and the mean amount of aging accumulated by the in- 
dividuals who remain alive and those who die at vari- 
ous ages. These data are from Model I (K = 24,000) of 
the previous section. It will be noted that, whereas ihe 
mean amount of accumulated aging among those who 
die at any age increases with age, the mean rate of 
aging decreases. Furthermore, as table | the 
mean value of the S; 0-400 lipoprotein concentration 
decreases with age among the myocardial infarction 
groups. This would indicate that if a relationship be- 
tween the lipoproteins and an aging process in coronary 
disease exists it must be due to a correlation with ihe 
rate of aging rather than to the amount of accumulated 
aging. : 

At this point the situation has developed where a rate 
parameter has been uncovered but accessory informa- 
tion regarding the nature of the rate equation is lack- 
ing. However, as mentioned earlier, a certain amount 
of pertinent data concerning the integrated function 
f(rate)dt can be obtained from analysis with the rate 
parameter. 


show 5. 


If a measurement of a rate parameter at some one age 
can be used to predict definitely the value of the rate 
parameter at all previous ages, then at any one age ihe 
rate parameter is perfectly correlated with ihe integrated 
aging function. The extrapolation of the probability 
curve for the rate parameter to 1/n = 0 should lead to 
the same intercevt as would extrapolation of the aging 
parameter. Furthermore at any one age the rate param- 
eter would be equally as efficient a predictor of mortality 
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as the aging parameter. The predictive ability of the 
rate parameter, at any one age, will depend upon degree 
of correlation between the rate parameter as measured 
at that age and the aging parameter. Both the slope 
and intercept of the probability curve derived from the 
rate parameter will decrease as the degree of correlation 
decreases. Therefore the value of the rate parameter’s 
intercept at any age would represent a minimum value 
for the aging parameter. 

The curves of probability of dying as a function of 
the concentration of S; 0-400 lipoproteins for the age 
groups listed in table 2 are given in figure 10, The 
probabilities were calculated using Equation XI. The 
intercepts at 1/n = O in figure 10 are not the same at 
all ages. This would suggest that either the concentra- 
tion of St 0-400 lipoproteins are poorly correlated with 
the aging parameter or that more than one aging param- 
eter was involved in the disease. An analysis of the 
intercepts at 1/n = 0 in figure 10 indicates that the 
bracket of equation XVII for the lipoproteins (which 
is calculated by dividing the death rate from figure 2 
by the appropriate intercept of figure 10) lies between 
the square root and the cube root of the death rate for 
the respective age group. This means that the lipopro- 
teins have a predictive efficiency between 1; and !/ or 
that there is most likely no more than two other aging 
parameters which are equally as predictive unless they 
are correlated with the lipoproteins. 


On the other hand if we undertake the same analysis 
without extrapolating the data beyond the region where 
data exist, it develops that the lipoproteins have a pre- 
dictive efficiency of approximately '/; or that there could 
be no more than 4 other aging parameters which are 
equally as predictive. The data for these analyses are 
presented to table 4. The figures in the column labeled 
“Power of Death Rate” are the predictive efficiencies. 
The relative constancy of these Powers would indicate 
that there is probably little contribution from non-time- 
dependent variables in heart disease. As the predictive 
ability of a parameter decreases these powers should 
approach zero. Since with increasing age, it should be 
anticipated that non-time-related parameters would in- 
crease in predictive ability, then it should be expected 
that these powers would decrease for aging parameters 
in diseases associated with non-aging parameters. The 
extrapolation of the curve in figure 2 to unity was 
already cited as possible evidence for a lack of non- 
time dependent variables in heart disease. There, of 
course, are alternate hypotheses to this fact. One could 
postulate that there is a synergistic effect between the 


non-time-dependent variable and the aging variables. 
In such a case a non-time-dependent parameter would 
appear similar to an aging parameter. Its mean, how- 
ever, would not increase with age and this could be used 
to separate it from the aging parameter. 

It is the information contained in figure 10 and in 
table 4 that we attempt to glean from ordinary statis- 
tical procedures. It would seem that much of this 
information is lost by the process of condensing the data 
into a few statistical numbers. A set of tables which 
would relate the ordinary statistical numbers such as 
the “t” test, chi square, and biserial correlation co- 
efficient to this type of information would be extremely 


helpful. 
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(rates versus age on a semilog scale). These are for 
white males and were taken from U.S. Vital Statistics, 
1954, Vol. I. Cancer includes classifications 140-205; 
heart is for arteriosclerotic heart disease, category No. 
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for an imaginary living population and for those who 
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6 
1xlO 


5 
IxlO0 


1x10* 


3 
Ixl0 


2 
IxlO 





Ix10! 


1 | | 
80 90 10 110 [20 130 40 ISO 
T 











1 +— 
56 6 70 


Fig. 4. Distribution of the function “T” for an imag- 
inary living population and for those who will die 
within one year. 





-| 
1x10 


1x10" 


DEATH RATES 


1x10" 


-4 
1x10 


Fig. : 


Ix 


DEATH RATES 


Ix IC 


IxK( 


Ix i 


Fig. 6 


BIOLOGICAL MEASUREMENTS AND 



































— ee 
; | -4 
; @ K=12,000 = 
© K=24,000 
| 0 K*24,000, a=!00 
= 4 K=24,000, a=200 — 
a 
7 1x10 -— — 
— — 
3 7 
” 
i Je ob . 
| 7% 
-2 
a | © x10 = 
| ps = = 
= 
| 4 
w 
4 fa) 
1210? -— — 
e 3 Zz 
ion “T 
se who Ix" | | | | 
i@) 0.01 0.02 0.03 0.04 0.05 
\/t 
Fig. 5. Death rates of Models I and II. 
a = l T T T 
x © LINEAR AGING, ORIGINAL DISTRIBUTION | _| 
@ EXPONENTIAL AGING, ORIGINAL 
DISTRIBUTION a 
CD LINEAR AGING, REDUCED DISTRIBUTION 
' W EXPONENTIAL AGING, REDUCED = 
DISTRIBUTION 4 
= 
“| 
wm Ixl0 neil 
Ww a 
= = 
< 
rd wal 
= 
- —_ 
, w 
2 ixio? = 
| Ixio” — 
) all 
Ix1o* 
ie) 0.0! 0.02 0.03 004 0.05 
yn imag- I/t 
will die 
Fig. 6. Death rates of Models III and IV. 





























AGING 


153 











4 30 YEARS 


| o 50 YEARS 
| 0 


70 YEARS 











0.1 

001 
© 
2 
> 
ra) 
aw 
ro) 

0.001 
> 
= 
2 
a 
< 
o 
° 
x 
a 

0.0001 

00000! 


° 


0005 oo! 


oo!s 


Fig. 7. Probability of dying as a function of the non- 


time related parameters of Model II (a = 


1.0 
0.1 
o 
z 
3 
0.01 
cS 
°o 
> 
= 
mm 
2 0.00! 
2 ; 
x 
a 
0.000! 
0.0000! 


20010). 





























q | | T 
© AGING 
© AGING + NON-AGING 
g 
L 
= 
| i ! | 
1@) 0.000i 0.0002 0.0003 0.0004 00005 


n 


Fig. 8. Probability of dying as a function of an aging 
parameter (k = 24,000), with and without a non-aging 


parameter. 








154 


PROBABILITY 


Fig. 9. 





TAMPLIN 


DYING 


OF 


PROBABILITY 


n 
A generalized probability curve. 






















0! T T ] 
4 40-49 yr MALES 
© SO-59 yr MALES 

60-69 yr MALES 

001 

0 OOl 
3 COO! 
oO 000! 0002 0003 
oe ee 
S? 0-400 


Fig. 10. 


Probability of dying as a function of § 


(0-400) lipoproteins. 


TABLE |. 
Linear Aging 
Age i 10°; 
ee Original 
Reduced 
Rates 
Rates 
30 99.9 99.9 
50 93.4 96.3 
70 63.7 74.7 


TABLE 2. 


Myocardial Infarction Survivors G 


Sf 0-400 Concentration (Mg. “7) 


- j 
er . 
= Mean Standard Deviation 

45.4 746.1 181.0 1817 
54.9 698.2 163.5 1416 
63.9 672.9 164.6 402 


PERCENTAGE OF PEOPLE ALIVE AT VARIOUS AGES 


Exponential Aging 


10°, 
Original 
. Reduced 
Rates 
Rates 
99.2 99.6 
72.7 81.3 
15.9 25.4 


St 0-400 Serum LipopROTEIN CONCENTRATIONS FOR MALES BY DECADES. 


roup with No Clinical Evidence of Coronary Disease 


Sf 0-400 Concentration (Mg.“;) 


Mean t Test 
Age pau Significance 
e Mean Standard Deviation eee 
44.2 619.4 172.9 0.01 
54.3 622.5 165.8 0.01 
62.6 609.5 159.3 0.01 








Dee: 


40)- 
50- 


60- 


L 





Test 
rificance 


0.01 
0.01 
0.01 











Decade 


40-49 
50-59 


60-69 


Death 
Rate 


0015 
0055 
01 


TABLE 


Age 


30 
50 
70 


Intercept 


-006 
O15 
.020 


3. Mean Rate AND J RATE DT VALUES FOR 
Apstract PopuLaTtions (Mopet I, K 


Diers 


Mean Rate 


107.2 
104.2 
101.6 


TABLE 


Data 


24,000) 
Survivors 
Mean Mean 
j Rate dt me ee) red 
3216 100.0 3000 
5210 99.7 4985 
7112 98.7 6909 


4. ANALysis OF INTERCEPTS. 


Bracket 


Extrapolation 


Intercept Bracket 
027 055 
-054 .10 
072 14 


BIOLOGICAL MEASUREMENTS AND AGING 155 


Power of Death Rate 


Data Extrapolation 
.20 44 

19 44 

15 43 








MATERNAL AGE SELECTION AND THE FERTILITY OF MICE 


CHARLES A. FULLER AND L. C. STRONG,* M.D., Ph.D., Sc.D. 
(From the Biological Station of Roswell Park Memorial Institute, Springville, New York) 


Fertility of mammals is known to be a highly 
variable characteristic which has been shown to 
be greatly influenced by endocrinologic, radi- 
ologic, and chemical treatments. Fertility may 
also be influenced greatly by hybridization, thus 
indicating a genetic influence. However, a sur- 
vey of the literature has demonstrated that little 
or no work has been done on the effect of the 
aging of the mother on fertility (total number 
of offspring of her progeny). When Strong 
discovered a difference in susceptibility to 
chemically induced fibrosarcomas between mice 
of early litters and late litters (7), the lack of 
information concerning other characteristics 
that might be similarly affected prompted the 
development of a stock of mice selected by 
maternal age. 

We have previously reported (10) that the 
mice of 6 maternal age descents derived from 
a single outcross of mice of two inbred strains 
show differences in the ages at the time of birth 
of their first litters. Thus it was demonstrated 
that the different independent sublines have 
different parabola curves when their successive 
means of age of first litters (on a generation 
basis) are compared to the general mean of first 
litters for the entire population (73.04 days). 

In the present paper it is proposed to report 
on the fertility of the same females as reported 
in the previous study on the ages of first 
litters (10). 


MATERIALS AND METHODS 

The 826 mice used in this experiment were of 
the Strong Polydactylia strain. The history of 
these mice has previously been reported by 
Strong and Hardy (8), and by Engel (3). The 
observations described here, with the exception 
of the New Haven F, series, were made on ani- 
mals housed at the Biological Station in Spring- 
ville under conditions outlined by Kreitner (4) 
and described more completely by Strong (6). 

The breeding pattern of this strain was re- 
ported by Strong and Fuller (10). However, a 
brief outline of this procedure is included here. 





Submitted for publication September 30, 1958. 
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The F, generation of a cross between a poly- 
dactylous mutant male belonging to the Brpb 
strain (a NHO subline) and females of the C,. 
strain were divided into groups by the age of 
their mothers at the time of their births. The 
offspring, which were born within the time 
period designated by the mother’s classification, 
were continued by brother-sister matings ex- 
clusively: normal by normal for two genera- 
tions and poly by poly for all subsequent gen- 
erations. Studies on the fertility (total number 
of offspring produced) of these mice are re- 
ported here. 
RESULTS 

The number of offspring produced by the 826 
females of the F,-F, inbred generations were 
recorded and analyzed. The mean numbers of 
offspring for the indicated 5 maternal age 
classes are given in table 1. The differences 
among these means were tested by the modified 
analysis of variance test described by Welch 
(11). 

Table 2 gives the standard deviation of the 
observations within the indicated classes. The 
significance of the differences among the de- 
scent variances in each generation was tested 
by the modification of Bartlett’s test for homo- 
geneity of variances described by Box and An- 
derson (1). The difference which is significant 
at the 99% confidence level (F, Springville) is 
indicated by an asterisk. 

Figure | is the graph of a function we have 
termed the quotient Q. It is given the formula 
Q = S/s where S is the sample standard devia- 
tion and § is the pooled estimate of the standard 
deviations. This function Q reduces the normal 
variability for each generation to Q = 1. Thus 
the changes in variability are shown relatively 
independent of the changes due to inbreeding. 


DISCUSSION 


The most obvious difference in fertility of 
mice was encountered between the two F, 
series—the one at New Haven, the other in 
Springville. This is difficult to explain on any 
basis other than that the physical conditions 
of the Springville laboratory may have been 
better for mice. The same food for the mice 
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Taste 1. MeEAN ToTaL OF OFFSPRING FOR FEMALE MICE FOR THE Five MATERNAL AGE DeESCENTS OF THE 
First Four GENERATIONS OF INBREEDING. 

















< 100 | 101-200 | 201-300 301-400 | 401-500 Pooled 
Ft Nt | Ft Nt Ft | Nt Ft | Nt | Ft | Nt Ft Nt 
F; | | | | 
New Haven 78.85 | 33 66.86 | 70 | 60.39 | 41 43.33 | 9 | 66.32* | 153 
| | | | | | 
Fi | | | 
Springville 90.00 | 24 87.24 | 21 | 85.48 | 59 87.63 | 79 | 176.09 11 | 86.63 194 
| | 
F: 56.80 | 10 48.15 | 46 | 5496 | 56 59.67 | 36 | 51.75 8 | 53.99 | 156 
| 
F; 70.41 | 17 +| 61.76 | 49 55.38 | 34 50.55 | 44 | 54.00 | 3 | 57.77* | 147 
F; 53.60 | 15 51.07 | 70 | 51.93 | (45 | 54.95 | 43 | 57.33 12 52.79 185 
| | | | | * vs ae Sees 





* Significant at the 99% confidence level. ae 
tF indicates fertility, i. e., mean total number of offspring; N indicates the number of females in each determination of number of off- 


spring produced. 





(Nurishmix, manufactured by the Pratt Food Thus it is hoped that the relative influence of 
Co.) was used in both places. The three differ- hetergeneity, homogeneity, etc., can be resolved. 
ences between the mice of the two series were: However, sufficient information is now avail- 
1) the laboratory at New Haven was air-con- able on 826 breeding females to indicate trends. 
ditioned, making it difficult to eliminate air- At least the partial analysis of the biological 
borne diseases, whereas the one at Springville nature of fertility between the F, and the F, 
was not; 2) the different water supply; and 3) generations of inbreeding should be recorded. 
in New Haven the sexes were continued to- A significant difference of fertility among the 
gether until the female failed to produce a litter females of the five maternal age descents was 
for 60 days, whereas in Springville the sexes encountered in the F, New Haven series and 
were continued together until one of them died. in the F,; generation housed at Springville. 
Very few females ever have a new litter with There is evidence that differences exist in the 
a litter spacing of more than 60 days so that it other generations also, but these differences are 
is believed that the difference in fertility be- numerically small and cannot be conclusively 
tween the two series cannot be due to this prac- demonstrated by an experiment of this size. 
tice. Females of the <100 day class showed a con- 
The data at present are not sufficient to make _ sistently higher number of offspring than the 
the final analyses of the various influences, pooled value for each generation. 
genetic and otherwise, bearing upon the fertil- Tests for homogeneity of variances disclosed 
ity of mice. This can only be done after the that a significant difference between the fe- 
various maternal age descents have reached a_ males of the different maternal age descents 
greater degree of inbreeding and perhaps cross- occurred only in the F, Springville series. How- 
ings between mice of two or more descents. ever, the data from the <100 day and 101-200 


Tas_e 2. SraNpARD DEVIATIONS OF Data PRESENTED IN TABLE | BY THE MopiFieED METHOD OF BarRTLETT. 





< 100 101-200 201-300 301-400 401-500 Pooled 
Fi | 
New Haven 22.18 26.37 | 28.89 35.23 — | 26.80 
F; | | 
Springville 32.86 26.91 | 18.83 21.05 } 28.16 23.48* 
Fy 20.86 | 24.79 21.70 24.29 | 30.52 | 23.67 
PF; 21.14 21.43 23.91 26.27 | 44.71 23.99 
Fy 22.02 24.11 26.40 29.24 24.15 25.81 


* Significant at the 99% level. 
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Fig. 1. Quotients of variation (Y-axis) plotted 


against the generation of inbreeding (X-axis) for the 4 
descents. The pooled sample for the entire population 
is on the solid line; the data for the <100 day maternal 
age descent are on the solid dot and long dash line 
curve; for the 101-200 day class on the short dash line; 
for the 201-300 day class on the intermediate dash line; 
and for the 300-400 day class on the long dash line. 


day descents tend to decrease between F, and F, 
whereas similar data for the 201-300 day and 
301-400 days descents tend to increase during 
the same generations of inbreeding. That is, it 
appears that the homogeneity of females in 
relation to fertility is either becoming stabilized 
or showing a possible reversed tendency. 

Tendencies for variations to occur counter to 
the trend of selection have been discussed by 
Lerner (5), Dobzhansky (2), and Strong (9). 
Dobzhansky (2) referred to homeostasis as a 
“gift of natural selection.” Natural selection, 
however, is a slow process and our findings 
seem to show that the average fertility of mice 
may be immediately influenced within a few 
generations; but not greatly impaired by mater- 
nal age selection alone. The variability among 
animals within the same descent obviously 
follows a definite pattern. A two-way F-test of 
variances disclosed that the increased variabil- 
ity of the 201-300 day descents and 301-400 
day descents and the decreased variability of 
the <100 day descent was significant at the 
95% confidence level. 


These observations correspond very well with 
our findings on the age of first litters (10). The 


FULLER AND STRONG 


mean age of first litters showed a small but sig- 
nificant difference in the F,-F, generations 
combined. In the F;-Fs generations the differ- 
ences were so small that they were not signif- 
icant despite the pooling of data. However, the 
animals in the several descents showed a de- 
cided difference in variability. 


SUMMARY 


A statistical analysis of observations concern- 
ing the fertility of 826 mice belonging to 5 
maternal age descents derived from a single 
outcross of a polydactylous mutant male to sev- 
cral C;; females is reported for the first 4 gen- 
erations of inbreeding. Possible inferences to 
a homeostatic mechanism or a system of biolog- 
ical equilibrium is discussed with reference to 
fertility and previously reported data on the age 
of first litters. It is interesting that the mean 
value of fertility for females of the five inde- 
pendent descents do not differ significantly but 
that the coefficients of variability for the females 
of the separate descents of inbreeding do. 
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Studies involving alkaline phosphatase locali- 
zation and activity have been made of a num- 
ber of animals in the past by numerous in- 
vestigators in normal developing and growing 
hone, in fractures, and several pathological con- 
ditions (1, 4, 5, 6, 11, 16, 19, 22, 23, 24, 26, 
28, 29, 31). Acid phosphatase activity, how- 
ever, has been only slightly investigated in 
bone and periosteum (20, 28, 29). The re- 
lationship of parathyroid to bone and acid 
phosphatase was studied by Kochakian (15). 
More recently, Schajowicz and Cabrini (25) 
have shown large quantities of acid phosphatase 
in osteoclasts and chondroclasts in rat bone. 
These authors consider a role of acid phos- 
phatase in bone resorption mechanisms. Pre- 
vious investigations (28, 29) on the alkaline 
and acid phosphatase activity of the periosteum 
of rats from birth to old age have indicated 
that both these enzymes are in abundance 
throughout the life of the animal and become 
somewhat elevated at the period of maximum 
rate of bone growth. 

With the development of histochemical 
methods for the demonstration of respiratory 
enzyme activity, Follis (10) and Follis and 
Berthrong (13) revealed the presence of cyto- 
chrome oxidase and succinic dehydrogenase in 
fresh hand-cut slices of bone and cartilage. 
Tonna (27, 28, 29) reported respiratory enzyme 
activity changes in normal periosteum of rats 
at various ages. Cytochrome oxidase and 
succinic dehydrogenase activities also seemed 
elevated at a period which represented higher 
phosphatase activities. The respiratory en- 
zymes, however, fell drastically and remained 
at a very low level throughout the following 
life span of the animal. 

The present investigation is a continuation 
of the above-mentioned work, which has been 
extended to the comparative variations of phos- 
phatase and respiratory enzyme activities fol- 
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POST-TRAUMATIC VARIATIONS IN PHOSPHATASE AND 
RESPIRATORY ENZYME ACTIVITIES OF THE 
PERIOSTEUM OF AGING RATS 


EDGAR A. TONNA, Ph.D. 


(From the Laboratory of Histo-Cytochemistry of the Department of Research of the Hospital for 
Special Surgery, New York) 


lowing trauma and the possible significance of 
these variations to bone growth and repair 
with increasing age. 


MATERIALS AND METHODS 


One hundred rats of the Long-Evans strain 
were segregated into 5 age groups. Each group 
was made up of 10 males and 10 females. 
Group I consisted of 1-week-old, Group II of 
5-weeks-old, Group III of 8-weeks-old, Group 
IV of 26-weeks-old, and Group V of rats 
ranging between the ages of 65 to 104 weeks. 

Roth femora from each animal were drilled 
in the midshaft portion with a dentist’s drill 
(fig. 1). Group I and II were sacrificed one 
week post-operatively, while the rats of the sub- 
sequent age groups were sacrificed two weeks 
following surgery. Immediately after death, 
cross sections or shavings were taken from the 
traumatized mid-diaphyseal region of one leg 
and fixed in 80% alcohol, chilled acetone, and 
10% formalin fixative, respectively. srozen 
sections were also prepared and studied im- 
mediately for respiratory enzymes. X-rays 
were taken of the opposite femur. 

The fixed tissues were treated routinely and 
were examined for activities of acid phos- 
phatase, alkaline phosphatase, cytochrome oxi- 
dase, and succinic dehydrogenase, as described 
in a previous publication (29). The semi- 
quantitation of the results was based on visual 
inspection of the intensity of the precipitate or 
staining reaction; the findings were compared 
with those recorded in a previous study (29) 
on |-week-old, non-traumatized rats. The ob- 
servations for this age group of normal animals 
was used as the base line for the comparisons. 


RESULTS 


Alkaline and acid phosphatase. At the site 
of trauma alkaline and acid phosphatase ac- 
tivity was seen to be elevated throughout all 
the age groups studied. This activity seemed 
greatest along the developing tissue fibers of 
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the fibrous and osteogenic layers of the perio- 
steum growing into the traumatized area (fig. 
2). The cellular components of the periosteum 
and callus also exhibited intense activities. This 
was especially true of the osteoblasts and 
osteogenic cells in the immediate area of repair. 
At times the alkaline phosphatase activity was 
so high that the abundance of black precipitate 
made histological observation impossible. The 
periosteal areas which were not affected by the 
injury revealed the same phosphatase distribu- 
tion and activities as were found in non- 
traumatized animals and reported previously 
(28, 29). 


Respiratory enzymes. The findings of the 
respiratory enzyme activity following trauma 
were quite different from those found for the 
phosphatases. Cytochrome oxidase and succinic 
dehydrogenase activity patterns paralleled each 
other. The variations noted, however, were 
more pronounced for succinic dehydrogenase 
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Fig. 1. A diagrammatic representation of a rat femur and the 
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Fig. 3. A comparison between the distribution of cytochrom 
oxidase in the osteogenic layer of the mid-femoral region of the 
periosteum of normal and traumatized rats at different ages. The 
enzyme activity is based on the visual inspection of the section 
and comparison of the intensity of the blue staining. Some increas 
in enzyme activity is associated with trauma to the bone. However, 
this is not noted at about the age of maximum rate of bone growth 
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Fig. 4. A comparison between the distribution of succinic o 
hydrogenase in the osteogenic layer of the mid-femoral region“ 
the periosteum of normal and traumatized rats of different ages. The 
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the intensity of purple formazan crystals. The pattern is similar © 
ihat of cytochrome cxidase; however, it is more dramatic. 
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(fig. 3 and 4), than for cytochrome oxidase. 








Jase In l-week-old animals an elevation in 
ized respiratory enzyme activity was noted about the 
whole area of trauma but was especially con- 
centrated at the outermost edges of the callus 
closest to the diaphysis (fig. 5). All the cells 
appearing at the trauma site revealed the pres- 
ence of blue granules in the cytoplasm indica- 
tive of cytochrome oxidase activity and intracy- 
toplasmic purple formazan crystals indicative of 
succinic dehydrogenase activity. Numerous 
formazan crystals were also seen in the osteo- 
genic cells of the callus. The increase in the 
Fig. 5. A cross section of the femur iaken from a 5-weeks-old at. activity of the respiratory enzymes in the 
1 week after trauma. Intracytoplasmic formazan crystals indicative 1-week-old traumatized rats did not. however, 
=A f succinic dehydrogenase activity can be seen scattered throughout : : 
the noncounterstained tissues. Increased activity is noted in the reach the high level previously reported (28, 
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———— eft lower half A he piotomicrotraph. The “ of ee —— 29) for 5-weeks-old non-traumatized rats. The 
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s similar 1 Fig. 6. A gross and x-ray comparison of the extent of femoral repair with increasing age. The post-operative (P.O.) time 


the specimens were examined is also included. Note with increasing age the reduced rate of repair of the defect. 
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increase in respiratory enzyme activity follow- 
ing traumatization; with increasing age, how- 
ever, the stimulated respiratory enzyme re- 
sponse became progressively less. 

Gross studies. Examination of the gross 
femora revealed a slower repair of traumatized 
bone with increasing age. This was further 
substantiated by the x-ray examination, which 
showed that at | and 5 weeks of age the injured 
cortex was almost completely repaired within 
one week after injury, whereas, in the older 
groups the processes of repair were still active 
two weeks after injury. In the oldest animals, 
at the end of two weeks, the edges of the 
injured cortex were still noticeable (fig. 6). 


DISCUSSION 

Previous investigations by the present author 
(28, 29) have shown that an abundant alkaline 
phosphatase activity of the periosteum of nor- 
mal rats is maintained throughout the life of 
the animal. Bourne (4, 5) indicated that upon 
aging an increase in dephosphorylating enzyme 
activities was noted in 16 tissues studied; bone, 
which may represent a different situation than 
other tissues with regard to such enzyme func- 
tions was, however, not investigated. It has 
also been shown by Bourne (2, 3, 6) that 
within 24 hours alkaline phosphatase activity 
was intense in the periosteum around trauma- 
tized areas of the femora and the skull of guinea 
pigs. Masses of phosphatase-positive fibers were 
noted in the repair areas, as late as two weeks 
after injury. Periosteal cells appeared positive 
within 48 hours after injury and were found to 
remain so until repair was complete (19). 
Similar observations were made in the present 
investigation on rats, i.e., alkaline phosphatase 
activity was elevated at the site of injury, 
especially along the fibers. It is of interest to 
point out that this is also true with regard to 
acid phosphatase and that throughout the age 
of the animal (1-104 weeks) both phosphatases 
increased upon injury to the bone. 

The role of alkaline phosphatase in the 
formation of bone matrix has been accepted by 
many investigators (7, 12, 17, 18, 24). It 
seems possible, as has been pointed out pre- 
viously (28), that acid phosphatase shares a 
role with alkaline phosphatase in the processes 
of bone growth, development, and repair. The 
appearance of abundant quantities of phos- 
phatases upon injury throughout the life of 
the animal indicates that as far as the formation 
of bone matrix necessary for bone healing is 
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concerned, the presence of these enzymes js 
assured even in old animals. It seems likely. 
therefore, that other factors, which may posj- 
bly be related to the activities of respiratory 
enzymes, are responsible for the longer periods 
required for complete bone healing in aging 
animals. Thus 1) the amount of protein colla- 
gen necessary for bone matrix formation may 
be produced at a slower rate; 2) the proper 
molecular orientation of the protein fibers may 
have been changed so as to alter the normal 
stages leading to calcification; and 3) the 
tissue mucopolysaccharides, which are believed 
by some investigators to act as a bond le- 
tween collagen and the mineral phase of the 
bone, may have been altered. 

It was suggested in the previous studies (28, 
29) that factors other than phosphatases are 
involved in bone repair. Various investigators 
(8, 9, 14, 21) have demonstrated that the num- 
ber of mitochondria is reduced in inactive cells 
and in osteocytes. Studies on mitochondrial 
changes in aging rats, carried out by the present 
author (30), have revealed a reduction in the 
number of mitochondria per osteoblast from 
an average of 38 at 5 weeks to 4 at the age 
of 104 weeks. It seems likely that such 
mitochondrial changes may involve the activi- 
ties of the respiratory enzymes and of the 
oxidative-phosphorylative mechanism of the 
cells, the latter supplying the essential energy 
to drive cellular reactions. In the present study. 
an increased activity of the respiratory enzymes. 
succinic dehydrogenase, and cytochrome oxi- 
dase, was observed at the site of trauma. With 
increasing age, however, the ability of the res- 
piratory enzymes to become stimulated follow- 
ing trauma was seen to lessen, but some in- 
crease in over-all respiratory activity follow- 
ing trauma was noted even in the oldest ani- 
mals. The failure to observe a post-traumatic 
increase in respiratory enzyme activity in the 
5-weeks-old rats (Group II) is taken to indicate 
that the cells at this age level are respiring at é 
maximum or near maximum rate. 

It is believed by the author that a reduced 
respiratory enzyme activity with increasing age 
is indicative of reduced oxidative-phosphoryls- 
tive activity of the mitochondria resulting in 4 
reduction or alteration in the production of the 
substances necessary for bone repair. 


SUMMARY 
Histochemical studies were made including 
alkaline and acid phosphatase, cytochrome oxi- 
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dase, and succinic dehydrogenase activities of 
the periosteum in the traumatized femora of 
100 Long Evans strain rats from | to 104 weeks 
of age. Both alkaline and acid phosphatase 
activity increased to high levels following 
trauma in all ages studied. This phosphatase 
activity appeared generally in all the cells and 
fibers involved at the trauma site. Cytochrome 
oxidase and succinic dehydrogenase activity also 
increased after trauma except at the age of 
maximum bone formation. This is believed 
to indicate that the cells involved with repair 
at this time are already operating at a maxi- 
mum or near maximum rate. With advancing 
age, the increase in activity of respiratory 
enzymes following trauma became progressively 
less. 
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THE AGE FACTOR IN THE PRODUCTION OF VARIOUS 
EXPERIMENTAL CARDIOPATHIES 


HANS SELYE, M.D., Ph.D., D.Sc. AND EORS BAJUSZ, M.D. 
(From the Institut de Médecine et de Chirurgie expérimentales, Université de Montréal, Montreal) 


In various animal species it is possible to 
elicit an electrolyte-steroid-cardiopathy with 
necroses (ESCN) by combined treatment with 
certain corticoids and Na-salts (1). In the 
course of our studies in this field, we noted 
incidentally that the production of such lesions 
is much easier in old than in young animals. 
Since, in man, the incidence of cardiac lesions 
is likewise greatly increased with the progress 
of age, we decided to examine the role of the 
age factor in the production of various experi- 
mental cardiopathies which more or less closely 
imitate certain spontaneous myocardial changes 
of man. 

The histologic characteristics of these experi- 
mental cardiopathies have been described in 
detail elsewhere (1). Let us merely point out 
here that we employed as pathogens: |) papain, 
because this proteolytic enzyme preparation 
clicits acute, miliary, disseminated myocardial 
necroses; 2) plasmocid (a rather toxic, and now 
obsolete, antimalarial) since it produces large, 
patchy myocardial necroses and myocarditic le- 
sions that are singularly resistant to the various 
corticoids and electrolytes which influence 
many other types of experimental cardiopathies; 
3) noradrenaline and vasopressin, as agents 
capable of producing “spotty myolysis,” with 
disappearance of muscle-fiber segments, with- 
out extensive necroses or inflammation; 4) 
stressor agents, such as forced restraint or quad- 
riplegia induced by a transection of the motor 
nerves of all 4 extremities, which likewise pro- 
duce only “spotty myolysis,” (in animals not 
specially sensitized by corticoids or Na-salts); 
5) dihydrotachysterol, a steroid of the vitamin- 
D group, because it causes intense calcium 
deposition in the heart and in the coronary 
arteries; 6) 2a-methyl-9a-chlorocortisol (Me- 
CI-COL) + NaH.PO,, since this combined cor- 
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ticoid-electrolyte treatment is highly effective in 
producing a typical ESCN, characterized by 
massive, infarct-like cardiac necroses, with sec- 
ondary inflammation, but without any demon- 
strable histologic change in the structure of the 
coronary arteries. We believed that such a 
wide variety of potentially cardiotoxic agents, 
given to immature, adult, and old rats, would 
give us a fair indication of the type of cardiac 
lesion that is significantly influenced by age. 


MATERIALS AND METHODS 
Two hundred forty female rats, of the 
Sprague-Dawley strain (purchased from the 
R. Roubidoux Farm, St-Constant, Quebec), 
were subdivided into 24 groups of 10. The ap- 
proximate age of the animals was as follows: 
4 weeks (50 Gm.), 45 days (100 Gm.), and 


TaBLe 1. THe AGE Factor IN THE PRODUCTION OF 
Various EXPERIMENTAL CARDIOPATHES. 


Body 


Group Treatment Weight eee ar 
(Gm.) 
1 Papain 50 0.2 + 0.17 10 
2 Papain 100 0.9 + 0.27 0 
3 Papain 300 2.6 + 0.23 90 
4 Plasmocid 50 1.2 + 0.49 40 
5 Plasmocid 100 1.8 + 0.25 80 
6 Plasmocid 300 1.4 + 0.38 40 
7 Noradrenaline 50. 0.2 + 0.15 0 
8 Noradrenaline 100 0.7 + 0.15 0 
9 Noradrenaline 300 1.6 + 0.23 0 
10 ee 50 0 0 
11 Vasopressin 1090 0.4 + 0.17 0 
12 Vasopressin 300 1.3 + 0.20 0 
13 Restraint 50 0 0 
14 Restraint 100 0.5 + 0.28 0 
15 Restraint 309 0.3 + 0.17 0 
16 Quadriplegia 50 0.2 + 0.20 0 
17 Quadriplegia 100 0.2 + 0.17 0 
18 Quadriplegia 300 0.2 + 0.15 0 
19 Dihydrotachysterol 50 0.3 + 0.15 10 
20 Dihydrotachysterol 100 1.8 + 0.32 10 
21 Dihydrotachysterol 300 2.0 + 0.27 10 
2 Me-Cl-COL+Na2HPO; 50 0 0 
23 Me-Cl-COL +NazHPO; 100 0.6 + 0.23 0 
24 Me-Cl-COL +NazHPO; 300 1.6 + 0.30 70 
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AGE AND CARDIOPATHIES 


10 months (300 Gm.). Each of the 8 poten- 
tially cardiotoxic agents used in this study was 
tested, under otherwise identical conditions. 

Papain is a proteolytic enzyme contained in 
the dried latex of Carica papaya. Five Gm. of 
crude papain powder (Fisher Scientific Co., 
Limited) were added to 50 ml. of distilled water; 
this turbid suspension was mixed in a Waring 
blendor for 10 minutes and then passed through 
a No. 40 Whatman filter paper; 0.2 ml./100 
Gm. body weight of the resulting clear, amber- 
colored filtrate was injected into the jugular 
vein, under light ether anesthesia, once on the 
first day. All the surviving rats were killed 48 
hours following the papain injection. 

Plasmocid (8-(3-diethylaminopropylamino) - 
§-methoxyquinoline, The Lilly Research Labo- 
ratories) was given at the dose of 0.4 mg./100 
Gm. body weight, always in 0.2 ml. of water, 
intraperitoneally, three times on the first day. 
The experiment was terminated 48 hours fol- 
lowing the last injection. 

Noradrenaline (Sterling-Winthrop Institute) 
was given twice daily, at the dose of 250 ug/100 
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Gm. body weight, in 0.2 ml. of oil, subcuta- 
neously, during the first two days. The rats 
were killed on the fourth day of the experiment. 

Vasopressin (Parke, Davis and Co.) was in- 
jected during the first and second days, at the 
dose of 10 I1.U./100 Gm. body weight, in | ml. 
of water, twice daily, subcutaneously. The ani- 
mals were killed 48 hours following the last 
treatment. 

Restraint was applied, on the first day of the 
experiment, by strapping the rats with adhesive 
tape to a wooden board, in the prone position, 
for 17 hours. During this time, the animals 
struggled in an effort to free themselves and 
hence were under considerable stress. All ani- 
mals were killed 48 hours after the initiation of 
the restraint. 

Quadriplegia, through motor denervation of 
the extremities, was performed on the first day, 
under ether anesthesia. Both cervical plexuses, 
as well as the femoral, obturator, and sciatic 
nerves, were severed. The experiment was ter- 
minated on the second day following the oper- 
ation. 





Fig. 1. 
19 and 21, respectively. Note complete absence of calcium deposition in the heart of the young 
animals, while that of the old rat is studded with calcified (here black) tissue lesions (von Kossa 
X 11). 


Cross-section through the whole heart of a 50 Gm. (left) and a 300 Gm. rat of Groups 
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Fig. 2. Higher magnification of comparable regions from the hearts of the rats shown in figure 1. There is no 
detectable change in the myocardium of the young rat (left), while, in the older animal (right), there is intense 
calcification in myocardial fibers, as well as in the walls of the coronaries (von Kossa X 120). 


Dihydrotachysterol (Dr. A. Wander, A.G.) 
was given in the form of a microcrystal suspen- 
sion, at the daily dose of 300 ug 100 Gm. body 
weight, in 0.5 ml. of water, by stomach tube, 
during 5 days. The rats were then killed on 
the sixth day. 


Me-ClI-COL (2a-methyl-9a-chlorocortisol, 
The Upjohn Company) was injected subcuta- 
neously, in the form of microcrystals of its ace- 
tate, at the daily dose of 100 ug 100 Gm. body 
weight, during 5 days. 


Na.HPO, (“dibasic sodium phosphate, Re- 
agent,” Fisher Scientific Co., Limited) was ad- 
ministered at the dose of 1 mM 100 Gm. body 
weight, twice daily, in 2 ml. (the amount of 
3 mM, however, in 4 ml.) of water, by stomach 
tube, during 5 days. The experiment was ter- 
minated on the sixth day. 

In all instances, the hearts were first in- 
spected with the aid of a dissecting loup, imme- 
diately after autopsy, and then fixed in neutral 
formalin for subsequent embedding in paraffin. 
The sections were stained with von Kossa’s 
technique for the histochemical demonstration 
of calcium (using a hematoxylin-phloxine coun- 


terstain), because several of the cardio-toxic 
agents produce calcium depositions in the heart. 
The severity of the lesions was assessed in an 
arbitrary scale of 0-3, depending upon the in- 
tensity of the cardiac lesions (necrosis, inflam- 
mation, calcification). In table 1 we list the 
means of these determinations (with standard 
errors), as well as the percentual mortality rate 
of each group. 
RESULTS 


It is evident, from the data in table 1, that, 
with increasing age (and size), the cardiotoxic 
effect of several among the agents used becomes 
more severe. These agents are: papain (Groups 
1-3), noradrenaline (Groups 7-9), vasopressin 
(Groups 10-12), dihydrotachysterol (Groups 
19-21), and combined treatment with the 
ESCN-producing combination of Me-Cl-COL 
+ Na:HPO, (Groups 22-24). On the other 
hand, the age factor does not appear to play 
any important role in the production of myo- 
cardial lesions by plasmocid (Groups 4-6), 
restraint (Groups 13-15), or quadriplegia 
(Groups 16-18). 


Histologic study of the hearts essentially con- 


Fig. 3. 
and 24, 1 
no struct 
ation un 
city of ca 


firmed ¢ 
diac le: 
employs 
depend 
the stru 
pendent 
intense 
absent 


It is 
of som« 
depend: 
troduct: 
the me; 
structul 
produce 
necrose 
heart a 
vasopre 
} ever, th 
Sor quar 








* evoked 
the acti 





re is no 
; intense 


io -toxic 
> heart. 
1 in an 
the in- 
inflam- 
list the 
‘andard 
ity rate 


1, that, 
Jiotoxic 
yecomes 
Groups 
ypressin 
Groups 
th the 
1-COL 
> other 
to play 
ff myo- 
; 4-6). 
riplegia 


ly con- 





firmed earlier data concerning the types of car- 
diac lesions produced by the agents that we 
employed (1). In the case of stimuli with age- 
dependent cardiotoxic activity, the quality of 
the structural alterations was not especially de- 
pendent upon age; the lesions were merely more 
intense in the older animals akd occasionally 
absent in the young ones (figs. 1-3). 


DISCUSSION 

It is not yet clear why the cardiotoxic effect 
of some agents is, while that of others is not, 
dependent uvon age. As mentioned in our in- 
troduction, the myocardial lesions produced by 
the means we employed differ widely in their 
structural characteristics. For example, papain 
produced predominantly acute, disseminated 
necroses, dihydrotachysterol calcification in the 
heart and its arteries, while noradrenaline and 
vasopressin induced “spotty myolysis.” How- 
| ever, the histologic lesions elicited by restraint 
}or quadriplegia were rather similar to those 








/ evoked by noradrenaline or vasopressin, and yet 
the action of the latter hormones was evidently 
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Fig. 3. Subendocardial layer of the ventricles from a 50 Gm. (left) and a 300 Gm. (right) rat of Groups 22 
and 24, respectively, that were treated with Me-Cl-COL + Na:HPO,. The myocardium of the young rat exhibits 
no structural anomaly, while there are intense necroses, with secondary inflammation and connective-tissue prolifer- 
ation underneath the endocardium of the older animal. This localization of the lesion and the comparative scar- 
city of calcium deposits (in this region there are none) are characteristic of the ESCN (von Kossa X 120). 


dependent upon age, while that of restraint and 
quadriplegia was not. 

Of course, the dose of the hormones (as well 
as that of all other drugs) was adjusted in pro- 
portion to the body weight; hence, the older 
rats, with a mean body weight of 300 Gm., re- 
ceived 6 times as much as the young animals, 
which weighed only 50 Gm.; no such adjust- 
ment was possible (or deemed necessary) in ihe 
event of restraint or quadriplegia. 

It is also possible that the cardiotoxicity of 
restraint and quadriplegia was too mild to serve 
as a test object for this type of study. Non- 
specific stressors, such as these, notoriously pro- 
duce massive, infarct-like myocardial necroses 
only following “conditioning” with steroids or, 
better, with steroids and Na-salts (1). 

However, neither of these explanations is 
applicable to the results obtained by plasmocid. 
This drug produced a very definite cardiac 
lesion at the smallest dose level in the young 
rats that weighed 50 Gm. but a 6 times higher 
dose was no morc effective in the old animals 
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whose body weight was 300 Gm. Essentially 
the same may be said about the mortality rates. 
The lethal effect of plasmocid seemed to be in- 
dependent of the absolute dosage employed, 
while the other cardiotoxic agents that pro- 
duced any mortality caused the greatest number 
of deaths among the oldest rats. In connection 
with the exceptional behavior of plasmocid it 
may be mentioned that, unlike most other 
agents that produce extensive myocardial ne- 
croses and myocarditis, treatment with plas- 
mocid is also singularly irresponsive to aggra- 
vation by corticoids and Na-salts, or to prophy- 
laxis by KCl and MgCl. 

With our present-day methods, it may be 
difficult to verify the cause of these apparent 
discrepancies and to identify the specific mech- 
anisms through which age influences the sus- 
ceptibility of the myocardium to the production 
of morphologic lesions. Five of the 6 chemical 
agents that we used to produce myocardial 
lesions were significantly more effective in large 
than in small rats. Yet we have no proof that 
this difference is due to age rather than size. 
On the other hand, restraint and quadriplegia 
—which naturally could not be adjusted to 
body weight—were about equally effective in 
young and in old rats. Still, in view of the 
enormous importance of cardiovascular disease 
in gerontology, it is of interest that a variety of 
experimental cardiac lesions depends so largely 
upon the age factor. 


SUMMARY 


Experiments on 240 female rats, 4 weeks t) 
10 months of age, were performed to examine 
the importance of the age factor in the produc. 
tion of various experimental cardiac lesions. 
which differ widely from each other, both as 
regards their causative agents and their histo. 
logic characteristics. 

It was found that papain, noradrenaline, 
vasopressin, dihydrotachysterol, and combined 
treatment with 2a- methyl -9a-chlorocortiso| 
(Me-Cl-COL) + NasHPO, induce much more 
pronounced cardiac lesions in old than in young 
rats, when the dose of these substances is ad- 
justed to body weight. On the other hand, 
under the same circumstances, plasmocid is es- 
sentially equally effective in producing cardiac 
lesions in young and old animals. 

Two highly stressful procedures, which did 
not depend upon the injection of exogenous 
drugs or hormones (forced restraint and motor 
denervation of all 4 extremities) produced only 
mild and inconstant cardiac lesions, irrespec- 
tive of the age of the experimental animals. 

The role of the age factor in the pathogenesis 
of spontaneous and experimental cardiovascular 
disease is briefly discussed on the basis of thes 
observations. 
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Ina recent publication (2) we have described 
the production of infarct-like myocardial ne- 
crosis in the rat by isoproterenol (1-(3,4-dihy- 
droxyphenyl)-2-isopropyl amino ethanol hy- 
drochloride) (Isuprel®). It was shown (12), 
using a wide range of doses of this drug subcu- 
taneously, that the severity of the lesion was 
directly proportional to dosage, so that lesions 
of predictable severity could be produced. These 
reports were the first disclosures of infarct-like 
myocardial changes after the administration of 
a synthetic adrenergic agent. It was shown 
further (3), that in this respect isoproterenol is 
more potent that l-epinephrine or 1-arterenol 
when compared on the basis of the respective 
toxic doses or absolute amounts. 

The organic lesions which we have observed 
in the rat after isoproterenol treatment were not 
mentioned in the toxicity studies of Dertinger 
and associates (7) and Lands and associates 
(9). These authors found no significant gross 
or histopathological abnormalities in the rat 
after the daily administration of 100 mg./kg. 
of this compound subcutaneously for 15 days. 
In an attempt to reconcile our findings with 
those of the authors mentioned above, we have 
studied factors such as strain, age, weight, and 
sex which may have influenced our results. 

MATERIALS AND METHODS 

The rats used in this study were housed 
under controlled conditions of temperature and 
humidity and fed a commercial rat food. Four 
groups of 10 animals were used to study the 
influence of breed differences. One group was 
hooded animals of the Long-Evans strain, one 
group was albino rats of the Sprague-Dawley 
strain, the remaining two groups were albino 
rats of the Wistar strain from two different 
) inbred colonies. The groups were composed of 
5 males and 5 females. The average weight of 
the animals of the various groups was similar 


(216-238 Gm.) 
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THE EFFECT OF BREED, AGE, AND SEX ON MYOCARDIAL 
NECROSIS PRODUCED BY ISOPROTERENOL IN THE RAT 


GEORGE RONA, M.D., CLIFFORD I. CHAPPEL, D.V.M., TIBOR BALAZS, D.V.M., 
AND ROGER GAUDRY, Ph.D. 


(From the Research Laboratories, Ayerst, McKenna & Harrison, Ltd., Montreal) 


To study the influence of age, weight, and 
sex, 8 groups of 25 Wistar rats were used. The 
average ages and weights of the female groups 
were 21/, weeks, 47 + 0.4 Gm.; 6 weeks, 120 
+ 1.4 Gm.; and 16 weeks, 241 + 1.7 Gm.; and 
those of the male groups 2!4 weeks, 57 + 1.2 
Gm.; 4 weeks, 103 + 2.1 Gm.; 6 weeks, 216 
+ 3.5 Gm.; 10 weeks, 307 + 2.2 Gm.; and 
16 weeks, 386 + 3.3 Gm., respectively. The 
animals were chosen so as to be comparable in 
terms of age. We intentionally used relatively 
young animals to avoid vascular factors and 
other cardiac diseases present in old rats (13). 
Since the females are always smaller at a given 
age, a strict correlation cannot be drawn from 
the same groups on a weight basis. From each 
group 5 rats served as controls and the remain- 
ing animals were treated. 


Isoproterenol was given subcutaneously as 
the hydrochloride of the racemic mixture on 
two consecutive days. Two doses were chosen, 
72.6 mg./kg. and 4.5 mg./kg. in terms of the 
base. The larger dose was found to be most 
effective in producing infarct-like myocardial 
necrosis and the smaller dose is the minimal 
dose necessary to produce regressive changes in 
the heart muscle (12). Control animals re- 
ceived distilled water. Forty-eight hours after 
the first injection the rats were killed and an 
autopsy performed. The hearts were removed, 
weighed, and the gross lesions were graded ac- 
cording to a system which we described in 
detail elsewhere (12) and which may be sum- 
marized as followed: 


Grade 0: no lesions. Grade 1: mottling of ihe 
apex and distal parts of the left ventricle caused 
by intermingled pale and dark red streaks. 
Grade 2: well demarcated necrotic areas limited 
to the apex. Grade 3: large infarct-like necro- 
sis involving at least one-third of the left ven- 
tricle and extending to adjacent areas of the 
interventricular septum and right ventricle. 
Grade 4: large infarct-like necrosis involving 
more than half of the left ventricle, the inter- 
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ventricular septum and extending to the distal animals from each group sections were made | TA8= 2: 
portion of the right ventricle. of the brain, lung, liver, and kidney. 
After fixation in Bouin’s fluid frontal sections 
of the heart, which included both atria, ven- RESULTS Sex 
tricles, and interventricular septum, were em- The results of the administration of isopro- 
bedded in paraffin. Sections cut at 54 were terenol to various strains of rats are shown in | ~.. 
° ° : P . . Female 
stained with hematoxylin-eosin, Cason’s tri- table 1. At a dose of 72.6 mg./kg. administered . 
chrome (1) and P.A.S. (11). Frozen sections on two consecutive days there was mortality jn > 
of the heart were stained with Sudan IV. Mi- from 0 to 20% of the animals. In all the groups i 
croscopically, the hearts were graded as follows: heart enlargement and marked gross and micro- 
Grade 0: no lesions, Grade 1: focal lesions of scopic cardiac necrosis were seen. The average 
the subendocardial portion of the apex and/or _ severity of the gross cardiac lesion varied from ’ 
the papillary muscle composed of fibroblastic grade 2.1 to grade 3.6, and that of the micro- 
swelling or proliferation and accumulation of scopic changes from grade 3.1 to grade 4.0. 
histiocytes. Grade 2: focal lesions extending The results of the study on the influence of Male 
over wider areas of the left ventricle with body weight on the severity of the myocardial A 
right ventricular involvement, lesions included lesions are presented in table 2. Both male and “ 
edema, mottled staining, fragmentation and female rats treated at the high or low dose ; 
segmentation of muscle fibers. Grade 3: con- levels of isoproterenol developed gross and mi- “ 
fluent lesions of the apex and papillary muscles _croscopic myocardial lesions irrespective of their 4 
with focal lesions involving other areas of the body weight. However, it will be noted that ‘ 
ventricles and the atria. The lesions included the severity of these lesions is directly related “ 
vacuolar and fatty degeneration, granular dis- to age or body weight. Lesions of the great- . 
integration, and hyaline necrosis of the muscle est severity were found in the male and female ° 
fibers. Marked capillary dilation was present animals treated at 72.6 mg./kg. (fig. 1). Gross 
with hemorrhages, pronounced mononuclear and microscopic lesions of lesser severity were ‘ 
cell and leukocytic infiltration. Extensive edema, {ound in all other treated animals with the 
nccasionally with a mucoid component, caused exception of those treated at 4-5 mg. ‘kg. Three ) ~~ p,,;, 
sequestration of muscle fibers. Grade 4: Con- of the female animals treated at this dose did 
fluent lesions throughout the heart including not have lesions visible in the gross, and in two 
infarct-like massive necrosis with occasionally of these no microscopic lesions were found. The 
acute aneurysm or mural thrombi. The infarcts corresponding male group contained 4 animals 
were usually apical, but also occurred in the without gross lesions, and 2 of these were free 
papillary muscles or the right ventricle. The of changes when examined histologically. 
histologic lesions were similar in character to When the severity of the lesions in the male 
those in grade 3. Histological sections were also and female groups is compared no significant 
made of other organs in which gross pathologic differe->2s are found if the comparison is made 
conditions were observed, and in two additional between groups of equal body weight. However. 
Taste |. Activiry OF IsopROTERENOL IN PRopuCING Carpiac LEsIONs IN Various STRAINS OF Rats WHEN 
ADMINISTERED SUBCUTANEOUSLY ON Two Consecutivg Days at 72 Ma./Kg. Daltcy. 
Mean Mess Number Average Grade of Heart Lesion 
Groups Body Weight ont Weight of Mortality — 
(Gm.) a Rats ; 
Body Weight Gross Microscopic 
Wistar | 233 5.2 573 = 21 10 1 3.6 | 4.0 
(Colony A) | 
Wistar | 216 + 12 517 + 27 10 | 0 3.0 | 3.5 
(Colony B) 
Sprague | 224 + 3.5 526 <b 21 10 0 2.1 3.1 ’ 
Dawley 
Hooded 2383.2 «| 590 IT 10 2 3.2 | 3.5 Fig. 
ial. | 72.6 m 
ee myocat 
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» made TasLE 2. INFLUENCE OF AcE, WEIGHT, AND SEX ON THE SEVERITY OF Carpiac LESIONS PRODUCED BY ISOPROTERENOL. 
a 
igh Average 
Dose Age Body Weight Heart Weig t : Grade of Heart Lesion 
Sex ; ‘ 3 Mg./100 Gm. Mortality _ 
(Mg./Kg.*) (Weeks) (Gm.) : 
- Body Weight G A = 
isopro- 3TOss Microscopic 
WN In female 4.5 2.5 46 + 1.2 163 + 15 0 0.8 1.0 
istered “ ” 6 120 + 2. 734 + 38 0 1.5 1.8 
° > “ . } 38 a1 : | 6 2. 
lity in 16 238 + 3.3 | 406 = 15 1 1.6 2.1 
groups “ 72.6 25 4410 | 736415 ~ | 0 1.5 | 15 
micro- ‘ - | 6 120 + 2.6 589 + 19 0 J 2.2 
: 16 234 + 3.6 470 = 22 0 2.5 3.2 
iverage | 
d from «| Control 2.5 48 = 1.4 632 + 10 0 0 0 
‘ # es " eae 
micro- 6 Z1 6 587 ot 20 0 0 0 
0 ‘ as 16 251 +6 345 + 11 0 0 0 
nce of Male 4.5 2.5 56 + 1.8 749 + 30 0 0.7 1.0 
ee “ “ 4 48 + 2.5 638 + 18 0 1.4 1.8 
cardial ) ‘ 6 198 + 3.8 533 + 21 0 2.1 2.4 
ile and “ “ 10 298 + 4.4 475 se 25 0 2.5 3.1 
v dose “ “ 16 380 + 2.3 418 + 14 3 2.4 2.8 
nd mi- “ 72.6 2.5 64 + 1.4 737 = 26 0 1.5 1.5 
of their ‘ “ 4 112 + 3.0 603 + 31 1 1.7 2.0 
as “ 2 be ine a ae 3. 
d that 6 asi + 8.2 513 + 26 0 38 s 4 
‘ ‘ 10 305 = 4.7 492 + 14 4 3.7 3.9 
related - 16 398 + 3.9 7 3.9 3.9 
great- 
Soils ‘ Control 2.5 52 + 1.2 573 = 27 0 0 0 
aCmale “ “ 4 91 + 2.6 467 + 20 0 0 0 
Gross “ “ 6 228 + 8 394 + 8 0 0 0 
y were} , ‘. nee aa ; ; ; 
" “ 6 389 — 4.0 326 = 17 ) ) 
th the 
np ns - 
Three * Daily dose administered on two consecutive days 
yse did 
in two 
1. The 
nimals 
re free 
ly. 
e male 
iificant 
s made 
ywever, 
HEN 
Lesion 
»scopic 
0 
5 
.1 ’ 
5 . : : . : 
“ Fig. 1. Hearts from male Wistar rats weighed an average of 208 Gm. Those on the upper line were treated with 
72.6 mg./kg. isoproterenol on 2 consecutive days; those on the lower line are saline controls. Severe infarct-like 
== myocardial necrosis is present in all treated animals. 














Fig. 2. Hyaline necrosis of the heart muscle sur- 


rounded by inflammatory reaction. Rat treated with 
isoproterenol hydrochloride 72.6 mg./kg. subcutaneously 
on 2 consecutive days. P.A.S. x 300. 


when groups of equal age are compared a 
greater severity is noted in the male groups. 
The apparent greater susceptibility of the male 
animals can therefore be attributed to their 
faster rate of growth and greater weight at any 
given age compared to the females. 

The histological lesions in the male and fe- 
male animals of 50-120 Gm. treated at either 
the high or low dose were focal and composed 
of interstitial edema, histiocytic infiltration, 
fibroblastic swelling, and proliferation. Larger 
animals of both sexes revealed confluent or 
massive infarct-like cardiac necrosis. The re- 
gressive changes of the myocardial fibres pre- 
dominated and the most characteristic lesion 
was hyaline necrosis (fig. 2). The involved 
fibers became homogenous, strongly eosin- 
ophilic, P.A.S. positive, and stained deep red 
with Cason’s trichrome. Striation of the muscle 
fibers was lost, and the nuclei were either 
shrunken or had disappeared. Around the ne- 
crotic areas leukocytic-histiocytic infiltration, 
edema and fibroblastic changes developed. In 
pronounced cases edema of the mucinous type 
separated the muscle fibers. No evidence of 
coronary arterial changes was seen in any of 
the animals. 

Table 2 indicates that the heart weight/body 
weight relationship of normal rats decreases 
with age and increase in body weight. The 
same is true for the rats treated with isopro- 
terenol. Within the groups of similar body 
weight and sex the isoproterenol treatment at 
either a high or low dose causes heart enlarge- 
ment, which was significant at the 95% level 
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of confidence in 14 of the 16 groups studied, 
The greater sensitivity of larger animals io iso. 
proterenol treatment is reflected in the mortal- 
ity rate in the various groups. The greatest 
number of deaths was 7 in the 16-weeks-old 
male group, given the highest dose level. No 
deaths occurred in the female group of the 
same age receiving the same dose of isopro- 
terenol. 

Apart from focal and mild fibrosis observed 
in the heart of one large male, the control rat; 
revealed no gross or microscopic abnormalities, 


DISCUSSION 


In these experiments we could detect no dif- 
ferences in 4 strains of rats to the development 
of cardiac necrosis in response to isoproterenol, 
although the Sprague-Dawley animals were 
somewhat less sensitive in this respect. A direct 
relationship was seen between the severity of 
the lesions and the weight of the animals. Male 
rats were found to be more sensitive than fe 
males if a correlation is drawn according to age. 
If, however, male and female rats of similar 
weight are compared there is no difference in 
the severity of their cardiac lesions. Thus the 
greater sensitivity of the male animals can b: 
attributed to their faster rate of growth. The 
greater susceptibility of old animals to the 
development of ischemic myocardial lesions has 
been mentioned. Hall, Ettinger, and Banting 
(8) found that young dogs were less sensitive 
than old to acetylcholine-induced myocardial 
necrosis. Dearing, Barnes, and Essex (5) were 
able to produce myocardial lesions with pitres- 
sin in old but not in young cats. It is not 
possible to consider the data in these studies in 
terms of weight as well as age of the animals. 
In recent studies in dogs (4) we have found 
that a similar relationship exists between body 
weight and sensitivity to isoproterenol myo- 
cardial toxicity. 

The differences in sensitivity to isoproterenol 
related to the weight of the animal may explain 
the failure of Lands and associates (9) to ob- 
serve myocardial toxicity in their experiments. 
These authors administered isoproterenol either 
orally or subcutaneously at 100 mg./kg. but 
most of the animals in their studies were small 
and for this reason would be unlikely to show 
severe lesions. 

It was concluded in previous studies (2. 3, 
12), that the cardiotoxicity of isoproterenol is 
related to its cardiovascular effects rather than 
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STUDY OF VITAMIN E SUPPLEMENTS IN RELATION TO 
MUSCULAR DYSTROPHY AND OTHER DISEASES IN AGING RATS* 


BENJAMIN N. BERG, M.D. 
(From the Department of Pathology, College of Physicians & Surgeons, Columbia University, 


New 


In a previous paper spontaneous muscular 
dystrophy and hindleg paralysis in aging rats 
were described (2). The lesions consisted of 
degeneration and necrosis affecting chiefly the 
gastrocnemius and adductor muscles and re- 
sembled the changes seen in experimental 
vitamin E deficiency. Although the vitamin E 
content of the dict was adequate according to 
accepted standards of maintenance level for 
the rat, it was possible that a relative defi- 
ciency could develop in old animals due to 
higher requirement. This hypothesis was 
tested by giving rats large supplements of 
alpha-tocopherol. In addition to studying the 
effect of alpha-tocopherol supplements on 
muscular dystrophy, observations were also 
made on other chronic diseases of aging rats, 
on body measurements, and on longevity. 


MATERIALS AND METHODS 

A total of 323 rats of both sexes and belong- 
ing to an inbred Sprague-Dawley strain were 
used. Details as to numbers examined at dif- 
ferent ages are given in table 1. These ani- 
mals were free from lung infection and were 
raised in air-conditioned quarters with uni- 
form temperature, humidity, and regulated 12- 
hour periods of light and dark. They were 
weaned at 4 weeks of age and were kept on 
Rockland “D free” pellets fed ad libitum and 
replenished bi-weekly. According to bioassay 
the diet contained approximately 3.2 mg. 
alpha-tocopherol per 100 Gm. of pellets. The 
average daily intake of alpha-tocopherol was 
approximately 0.7 mg. for males consuming 
20 Gm. of the diet and 0.42 mg. for females 
with a food intake of 13 Gm. These dietary 
levels of alpha-tocopherol were adequate for 
maintenance of adult males weighing 500 Gm. 
and of adult females weighing 300 Gm. (5). 
Growth and fertility on this diet had been excel- 
lent for the past 13 years. Rats fed only pellets 


Submitted for publication September 29, 1958. 

* This study was aided by grant H-945 from the National Heart 
Institute of the U. S. Public Health Service and by grants (made to 
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Muscular Dystrophy Associations of America. 
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were compared with rats given weekly supple- 
ments of 100 mg. alpha-tocopherol in 0.3 ml. 
of sesame oil* administered orally by use of a 
graduated medicine dropper. Rats receiving 
this additional alpha-tocopherol were divided 
into 2 groups: In Series I, supplements were 
started at weaning. In Series II, they were 
started at 364 days to 446 days of age. Sep- 
arate controls were used for the 2 groups. 
Mothers of animals in Series I also received 
extra alpha-tocopherol during gestation. 

Body weights were terminal values. Tibia 
length was determined by precision calipers 
and was the distance between the spines of the 
tibial head and the medial malleolus. Body 
length was the calipered measurement from 
the tip of the nose to the anus. 

Most of the rats were killed by intraperi- 
toneal injection of nembutal when they were 
moribund or had hindleg paralysis. A few 
died spontaneously and were examined before 
autolysis set in. Complete autopsies were per- 
formed immediately after animals were killed. 
Specimens were taken from all tissues and, 
after fixation in Zenker’s fluid, they were im- 
bedded in paraffin. Sections were stained with 
hematoxylin and eosin. The following skeletal 
muscles were selected for histologic study: the 
gastrocnemius and adductors of the hindlegs, 
the flexors of the forelegs, the diaphragm, and 
the abdominal and pectoral muscles. 


. RESULTS 
Muscular Degeneration—As described in an 
earlier paper (2), hindleg paralysis or weak- 
ness corresponded roughly to severity of mus- 
cle degeneration affecting chiefly the gastro- 
nemius and adductors of the hindlegs. Muscle 


fibers were involved singly or in groups. Loss | 


of cross striations was the earliest histologic 
evidence of degeneration. 
fragmentation and disintegration of fibers and 
sometimes infiltration by fat. Finally, only 
collapsed sarcolemma sheaths remained. 


* Generously Roche, Nutley, N. J» 


supplied by Hoffmann-La 
through the courtesy of Dr. L. A. Pirk 
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VITAMIN E AND MUSCULAR DYSTROPHY IN AGING RATS 


Incidence of Muscle Lesions—Tables 1, 2, 
and 3 give the comparative incidence of histo- 
logically observed muscle lesions in rats with 
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of rats in some age groups, percentage inci- 
dence is not given in this table. 
Since muscle lesions were rare in males un- 




















‘S* : . , 
and without dietary supplements of alpha- der 700 days old and in females less than 800 
tocopherol. Except for three instances of slight days old, total incidence in rats over these ages 
lesions in the untreated animals not included was used to compare the findings in animals 
in the tables, all observed muscle changes were of Series I and II with and without alpha- 
+ of moderate or marked severity. In spite of tocopherol supplements (table 2). Frequency 
| supplements, frequency of lesions increased of lesions in both sexes was higher in Series II 
Su a. . e e : ° e ° ° 
0 : ‘ with advancing age in much the same manner _ than in Series I, but differences in each Series 
; ie as previously reported (2, 6). between treated and untreated animals were 
use Sher me : 
= In table 1 complete data on frequency of not statistically significant. Greater suscepti- 
eceiv : : A ne? ie ; : 
hei lesions in rats at all ages in both series are bility of rats in Series II to muscular dystrophy 
lV : : ° . : 
, won shown. Onset of lesions was later in females could be due to accidental selection or genetic 
ts we ° ° 
” than in males (2). Due to the small number _ differences. 
‘Y were 
e. Sep- 
groups. TaBLE 1. Muscucar DysrrorHy IN Rats WITH AND Wrihout ALPHA-TOCOPHEROL SUPPLEMENTS. INCIDENCE OF 
received MoperaATE OR MarKED Muscie Lesions AT DiFFERENT AGES OBSERVED HISTOLOGICALLY. 
1. wie . : 
Tibia Without Alpha-Tocopherol Supplement With Alpha-Tocopherol Supplement 
li Age Range aw ——— 
calipers ‘ 
pers igh eng Mean Age es ee No. with Mean Age No. at Rate No. with 
s of the ats (Days) ee ee Lesions (Days) _ " Lesions 
Body ~-= ——--—- = ~— - 
it from Males, Series I. Supplements started at weaning (28 days of age). 
| a. meres | —_ 
traperi- 300 - 699 610 20 1 | 597 | 30 | 0 
hey. 008c 700 - 799 755 15 0 746 14 | 1 
y were 800 - 899 843 | 10 5 830 5 1 
A few 900 - 999 910 2 2 931 1 0 
bef - yd pe = 
wad Totals: 47 8 50 2 
re per- 
killed — ee ee — 
illed Males, Series II. Supplements started at 364 to 446 days of age. 
Ss and, ical Pails ki ala tials ae : paeee 
oo oe 600 - 699 677 7 0 683 5 0 
d with 700 - 799 745 18 5 750 14 5 
skeletal 800 - 899 847 7 849 11 7 
900 - 999 937 5 5 935 8 
ly: the | : = ri ane — 
ndlegs, Totals: 38 17 38 14 
m, and _ ao eae. wees LSE TES Le 
Females, Series I. Supplements started at weaning (28 days of age). 
400 - 799 630 13 0 670 22 0 
in an 800 - 899 845 14 0 835 13 2 
“a 900 - 999 951 17 10 940 10 0 
weak- 1000 - 1199 | 1076 | 7 6 1093 7 ’ 
f mus- — -- — — 
: 9 
yastro- Totals: 51 16 52 
Muscle pein one 
Loss Females, Series II. Supplements started at 369 to 444 days of age. 
tologic 
606 606 1 0 
dee’ 700 - 799 749 3 0 
rs and 800 - 899 862 7 2 851 5 0 
~ only 900 - 999 940 7 5 962 9 8 
, 1000 - 1299 1061 10 9 1160 5 5 
Totals: 28 16 19 13 


» Md 








176 BERG 


Tasce 2. Muscurar DysrropHy IN Mate Rats Over 700 Days OLp AND IN FEMALES Over 800 Days Op Wir 
AND WITHOUT ALPHA-TOCOPHEROL SUPPLEMENTS. 


INCIDENCE OF MODERATE OR MARKED LESIONS OBSERVED HISTOLOGICALLY IN SERIES I AND Series II. 
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| | 600- 
Without Alpha-Tocopherol Supplement With Alpha-Tocopherol Supplement Ti 
Age Range = maa ecm aaaner ae eee = ; ca eae : _- ~ 
. . or . | . C ° i 

(Days) ine oem No. with Y with macy oe diiise No. with tC with ets 

Lesions Lesions Lesions Lesions | 

eee oh eS eal maa ieeey Aran en ; 700- 
z a Ti 
Males, Series I Be 
pea ee siege aes a | - ' Be 
700 - 999 | 27 7 26 20 2 | - ies 
| } 800- 
——_ —_—__—— — Ti 
Males, Series IT Be 
ssctetaa alicia — ——— _ Sen Bi 
700 - 999 | 31 17 | 55 33 | 14 | 42 Mal 
tet aS | ee ee 600- 
aE : = a Sait ad = Ti 
Females, Series I B. 
eae | ay a ~ Be 
800 - 1199 38 16 | 42 30 | 9 | 30 
700- 
——_—_____—_— —$$$$$$$__—__—_ ——___—_____— = T 
Females, Series II B 
oe ee ee NE ee a Oe 1k ee aa ™ wa B 
| | jeu 
800 - 1299 24 16 67 19 13 68 { 800- 
| | | | z 
ae eae _—— = - : =a =a B 
B 
900- 
F 
B 
, B 

Tasi_e 3. Muscucar DystrropHy IN Mae Rats Over 700 Days OLD AND IN FEMALES Over 800 Days O_p WitH ‘ename 
AND WITHOUT ALPHA-TOCOPHEROL SUPPLEMENTS. Fem 
800- 

ComBINED INCIDENCE (SERIES I AND II) oF MoperRATE oR MarxepD Muscte Lesions OssErvED HIsTOLOGICALLY. } T 
————————— — = — = B 
Without Alpha-Tocopherol Supplement With Alpha-Tocopherol Supplement B 
Age Range iia esate eeciiclia acs jaaiati a gia ‘ [ ; — —_ : . 900- 
(Days) No. of Rats No. with with No. of Rats No. with % with T 

Lesions | Lesions Lesions Lesions B 
ae ee at See See - ot 

Males | ‘eaten 
— - - 100 
| . | | T 
700 - 799 33 5 15 28 6 21 B 
800 - 899 18 | 12 | 67 | 16 | 6 38 B 
900 - 999 | 7 | 7 100 9 4 44 jaaelt 
| | = “soe 4 a. aaa a Fen 
Total over 700 days 58 24 41 53 | 16 30 800. 
sani 7 
Females B 
B 
| | | | | abide 
800 - 899 | 21 | 2 | 10 | 18 2 | il 900. 
900 - 999 24 | 15 | 63 | 19 8 42 | T 
1000 - 1299 17 15 | 88 | 12 12 100 | B 
’ —— B 
Total over 800 days | 62 32 | 52 49 22 45 — 
| | | 100 
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TaBLE 4. MEASUREMENTS OF Rats WiTH AND WiTHouT ALPHA-TOCOPHEROL SUPPLEMENTS. 
Without Alpha-Tocopherol Supplement With Alpha-Tocopherol Supplement 
No. Mean $.D Range No. Mean S.D. Range 
Males, Series I 
600-699 days of age 
Tibia Length (cm.) 12 4.61 0.07 18 4.60 0.13 
Body Length (cm.) 12 23.8 0.8 17 24.0 0.9 
Body Weight (Gm.) 12 384 264-562 17 365 218-526 
700-799 days of age 
Tibia Length (cm.) 21 4.66 0.11 14 4.59 0.07 
Body Length (cm.) 17 24.3 0.9 12 24.1 0.5 
Body Weight (Gm.) 20 357 247-516 13 372 238-469 
800-899 days of age 
Tibia Length (cm.) 10 4.66 0.07 5 4.50 0.03 
Body Length (cm.) 10 24.2 C.8 5 23.3 0.2 
Body Weight (Gm.) 9 360 284-505 5 319 282-380 
Males, Series IT 
600-699 days of age 
Tibia Length (cm.) 8 4.67 0.04 5 4.60 0.06 
Body Length (cm.) 8 24.2 1.2 5 24.3 0.5 
Body Weight (Gm.) 8 354 246-416 5 333 | 300-372 
700-799 days of age | | 
Tibia Length (cm.) 19 4.60 0.09 12 4.60 | 0.09 | 
Body Length (em.) 16 24.4 0.7 12 | 242 | 08 
Body Weight (Gm.) 19 336 216-485 12 | 354 252-458 
800-899 days of age 
Tibia Length (em.) 8 4.60 | 0.09 10 4.65 0.07 
Body Length (cm.) 8 23.8 0.9 9 | 24.4 1.0 
Body Weight (Gm.) 8 328 244-443 10 380 307-447 
900-999 days of age | 
Tibia Length (cm.) 5 4.61 0.07 8 461 | 0.11 
Body Length (cm.) 4 24.3 0.2 9 24.5 | 1.0 
Body Weight (Gm.) 4 333 314-358 9 367 | | 310-440 
Females, Series I 
800-899 days of age | 
Tibia Length (em.) 14 4.02 | 0.08 | 14 4.02 | 0.09 
Body Length (cm.) 12 20.6 0.8 12 |} a2 | O4« 
Body Weight (Gm.) 14 219 140-292 1k | 219 188-285 
900-999 days of age 
Tibia Length (cm.) 17 4.02 0.10 | 10 4.00 0.06 
Body Length (cm.) 17 20.8 0.6 9 21.0 0.6 
Body Weight (Gm.) 17 217 170-284 9 | 220 180-265 
1000-1199 days of age 
Tibia Length (em.) 7 4.04 | 0.09 | 7 3.97 0.13 
Body Length (em.) 7 208 | 05 | 7 204 | 1 
Body Weight (Gm.) 4 | 208 | 192-241 | 7 228 | 185-268 
== | — =| 
Females, Series II | | 
800-899 days of age | 
Tibia Length (cm.) | 7 4.01 0.04 5 4.00 0.05 
Body Length (cm.) 5 | 21.0 0.2 5 | 21.4 0.9 
Body Weight (Gm.) 6 233 198-285 | 5 234 206-258 
= ae | | 
900-999 days of age | | | 
Tibia Length (cm.) | 8 4.00 0.05 | 9 | 4.07 0.04 
Body Length (cm.) | 8 20.8 0.5 | 6 21.3 0.6 
Body Weight (Gm.) 8 236 182-320 9 | 229 185-276 
1000-1299 days of age | 
Tibia Length (cm.) } 9 4.00 | 0.05 | 5 | 4.00 | 0.08 
Body Length (cm.) | 8 20.9 | 08 | 5 | 20 | 08 
Body Weight (Gm.) | 9 | 247 178-366 | 5 | 211 195-236 
| 
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In table 3 the data of Series I and II are 
combined and incidence of lesions in the three 
oldest age groups of males and females with 
and without supplements of alpha-tocopherol 
is given. Frequency of lesions in both sexes in- 
creased with advancing age. Although there 
was a lower incidence of muscular degenera- 
tion in the treated rats than in the untreated 
ones, the differences were not statistically sig- 
nificant. 

Incidence of Atrophic Testes—Since the 
testes may be affected by vitamin E deficiency, 
changes as determined by microscopic exami- 
nation were recorded. Combined incidence of 
atrophy in both series was 39% in rats with- 
out added alpha-tocopherol in the diet and 
28% in rats with dietary supplements of 
alpha-tocopherol. In the remaining animals, 
the testes and epididymides contained large 
numbers of spermatozoa. 

Measurements.—Table 4 shows measure- 
ments of male and female rats of both Series 
in the older age groups. In a previous study 
it was found that increments in skeletal 


TABLE 5. 
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growth were extremely small after 1 year in 
males and after 6 months in females (4). Data 
in table 4 show that there were no significant 
differences in tibia length or body length of 
males over 600 days old and of females over 
800 days old with or without supplements of 
alpha-tocopherol. Skeletal measurements were 
not affected by the chronic diseases that de- 
veloped in these animals. but body weight was 
sharply reduced (4). All measurements were 
higher in males than in females. 

Other Chronic Diseases.—Principal findings 
at autopsy exclusive of muscular dystrophy 
and tumors were chronic glomerulonephritis, 
periarteritis, and myocardial degeneration. 
These diseases appeared earlier than muscular 
dystrophy and onset was sooner in males than 
in females (2). 

Initial changes in chronic glomerulone- 
phritis consisted of dilatation of the lumina 
of convoluted tubules by casts. With further 
obstruction the collecting tubules also became 
dilated and the connecting glomeruli under- 
went atrophy, hyalinization, and fibrosis. Fi- 


INCIDENCE OF CARDIAC, VASCULAR, AND RENAL Lesions IN Rats WirH AND WITHOUT ALPHA-TOCOPHEROI 


SUPPLEMENTS. 


Without Alpha-Tocopherol Supplement 


No. of Rats 











With Alpha-Tocopherol Supplement 





No. with ©? with No. of Rats No. with © with 
and Age Range Lesions Lesions and Age Range Lesions Lesions 
Males, Series I | 43 48 
| (476-914 days) | (317-931 days) 
Glomerulonephritis| 43 100 | 47 98 
Periarteritis | 28 65 37 77 
Myocardial | 
Degeneratian 38 90 35 73 
Males, Series II | 38 | 38 
| (657-979 days) | (676-975 days) 
Glomerulonephritis, | 38 100 36 95 
Periarteritis | 27 71 23 | 61 
Myocardial | . 
Degeneration 27 71 | 27 71 
Females, Series I 51 52 
(415-1147 days) (417-1155 days) 
Glomerulonephritis 
Periarteritis 36 71 | 48 92 
Myocardial 10 20 19 37 
Degeneration 
27 53 22 42 
Females, Series II 28 19 
(606-1228 days) (805-1215 days) 
Glomerulonephritis | 
Periarteritis 15 54 16 84 
Myocardial 2 7 3 16 
Degeneration | 
| 12 43 12 63 
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Taste 6. SurvivAL oF Rats WITH AND WirHOouT ALPHA-TOCOPHEROL SUPPLEMENTS STARTED AT WEANING 


(Series I). 
Males Females 
Without Alpha- With Alpha- Without Alpha- With Alpha- 
Tocopherol Tocopherol Tocopherol Tocopherol 
Age Range (47) (50) (51) (52) 
(Days) " —— = 
Mean Age % Mean Age % Mean Age o% Mean Age q 
(Days) Alive (Days) Alive (Days) Alive (Days) Alive 

300 - 699 610 57 597 40 be steas = - hs 
630 E 670 58 

700 - 799 755 26 746 12 sas . ° 
800 - 899 843 4 830 2 845 47 835 33 
900 - 999 910 0 931 0 951 14 940 18 
1000 - 1199 1076 0 1093 0 


nally, the cortex was honeycombed with small 
cysts representing greatly dilated tubules. 
There was a relative increase of interstitial 
connective tissue and the media of the small 
renal arteries was thickened. Hypertension 
and cardiac hypertrophy (1, 3), hydrothorax 
and uremia were late complications. 

Periarteritis involved first the pancreatic and 
spermatic vessels and then the mesenteric ves- 
sels. Other arteries were also affected but to 
a much lesser degree. The main renal arter- 
ies were never involved, but small corti- 
cal branches occasionally showed changes. 
Grossly, the vessels had a beaded appearance 
and microscopically there were focal degenera- 
tive and inflammatory changes in the media 
and intima. Aneurysms were common and 
sometimes ruptured. Ascites was a frequent 
finding but intestinal infarction was rare. 

Myocardial changes consisted of degenera- 
tion and fibrosis and occurred chiefly in the 
papiliary muscle and adjacent myocardium of 
the left ventricle, in the base and at the apex 
of the heart. 

Frequency of cardiac, renal, and vascular 
disease in rats with and without supplements 
of alpha-tocopherol is shown in table 5. There 
were no significant differences in percentage 
incidence of lesions in untreated and treated 
males and females of both series. 

Tumors—In order of frequency, the most 
common benign tumors were fibroadenomas 
of the female breast, pheochromocytomas of 
the adrenal, chromophobe adenomas of the 
pituitary, adenomas of the thyroid, and islet 
cell adenomas of the pancreas. These tumors 
occurred about equally in all groups. 

The number of malignant tumors was too 
small to be suitable for comparative study. 


Fibrosarcomas were present in all grgups and 
in both sexes. Malignant myxomas pnd epi- 
dermoid carcinomas were found onlljy in fe- 
males. Of particular interest was tHe occur- 
rence of 4 breast carcinomas and 2 lymphomas 
in females and 2 lymphomas in males, all in 
rats receiving alpha-tocopherol supplements. 
These tumors are extremely rare in our rat 
strain. 





Survival rates—Survival rates of only Series 
I rats are recorded in table 6 because data for 
Series II did not cover the entire life span. 
Chief causes of death, or of moribund condi- 
tion, were chronic glomerulonephritis, _peri- 
arteritis, muscular dystrophy, and tumors. Due 
to earlier onset of renal and vascular diseases, 
the percentage of male and female survivors 
at different ages was lower in rats receiving 
alpha-tocopherol supplements than in _ those 
without supplements. In both groups, females 
outlived males due to later onset of diseases in 


females (2, 4). 


DISCUSSION 

If the muscular dystrophy in aging rats were 
due to vitamin E deficiency, then the principal 
diseases that might contribute to this condi- 
tion would be chronic glomerulonephritis and 
periarteritis. These diseases setting in before 
the onset of muscular dystrophy could cause 
a vitamin depletion and/or intestinal malab- 
sorption against which even large supplements 
of alpha-tocopherol would be _ ineffective. 
However, there was no relation between in- 
cidence or severity of renal or vascular disease 
and muscle lesions. For example, in 750-day- 
old males without alpha-tocopherol supple- 
ments, all had glomerulonephritis, 70% had 
periarteritis, yet none developed muscular dys- 
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trophy. In rats of the same age receiving sup- 
plements, incidence of renal and_ vascular 
diseases was 100% and 90%, respectively, while 
muscle lesions occurred in 8%. 


SUMMARY 
Large supplements of alpha-tocopherol 
failed to prevent the muscular dystrophy of 
aging rats. Other chronic diseases, longevity, 
and growth were also unaffected. 
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THE ADENYLPYROPHOSPHATASE, INORGANIC PYROPHOSPHATASE, 
AND PHOSPHOMONOESTERASE ACTIVITIES OF HUMAN ARTERIAL 
TISSUE IN INDIVIDUALS OF VARIOUS AGES* 


JOHN E. KIRK, M.D. 
(From the Division of Gerontology. Washington University School of Medicine, St. Louis) 


The presence in human arterial tissue of a 
high adenylpyrophosphatase activity was first 
reported by Balo, Banga, and Josepovits (3) in 
1948; the study was subsequently extended by 
Banga and Nowotny (4,5). According to these 
investigators the hydrolysis of adenosinetriphos- 
phate by the arterial tissue is catalyzed by two 
different enzymes, one of which is bound to 
myosin and has a pH optimum at 7, whereas 
the other is water-soluble and exhibits a maxi- 
mum activity at pH 9. The latter enzyme, 
which has been found only in arterial tissue, 
was designated aorta-adenylpyrophosphatase; 
one of the characteristics of the enzyme is its 
ability to split off orthophosphate from both 
adenosinetriphosphate and adenosinediphos- 
phate. 

Following the initial publications by these 
authors fairly extensive studies have been made 
on the activities of enzymes in arterial tissue 
capable of causing dephosphorylation of adeno- 
sinetriphosphate. The investigations include 
observations on vascular tissue samples from 
several animal species (2, 4, 6, 8, 12) and on a 
limited number of human arterial samples (2, 4, 
5). The reported results indicate that consider- 
able differences exist between the enzyme ac- 
tivities in various animals and between various 
types of arteries in the same animals. The pres- 
ence in the coronary artery tissue of cattle of 
a notable myokinase activity has further been 
reported by Carr and his associates (7, 9); this 
enzyme catalyzes the conversion of adenosine- 
diphosphate to adenosinetriphosphate and ad- 
enosinemonophosphate, a reaction which like- 
wise results in the formation of adenosinemono- 
phosphate as the end product. The presence of 
5-nucleotidase in human aortic tissue was dem- 
onstrated by Reis (1, 14). A phosphomonoes- 
terase activity of human aortic tissue with a pH 
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optimum at 5.6-5.7 was reported by this author 
in 1950 (10). 

The present investigation was undertaken 
with the purpose of determining the rate of 
dephosphorylation of adenosinetriphosphate by 
human arterial tissue samples obtained at 
autopsy from subjects of various ages. Because 
the individual enzymes responsible for the 
dephosphorylation of adenosinetriphosphate 
have not been isolated in pure form from ar- 
terial tissue the total dephosphorylating ac- 
tivity, as measured under the conditions em- 
ployed in the present study, will be designated 
as adenylpyrophosphatase activity. In addition 
to the adenylpyrophosphatase activity determi- 
nations were made of the inorganic pyrophos- 
phatase and phosphomonoesterase activities of 
the samples. 


MATERIALS AND METHODS 


Eighty-six samples of the aorta, 81 samples of 
the pulmonary artery, and 50 samples of the 
coronary artery were included in the study.t 
The enzyme activity determinations were per- 
formed on freshly prepared aqueous homo- 
genates. In the case of the aortic and coronary 
artery samples measurements were made both 
on normal and arteriosclerotic tissue sections of 
the same blood vessels. All reagents used in the 
experiments were prepared with glass-distilled 
water. The tissue nitrogen analyses were car- 
ried out by macro-Kjeldahl procedure or by the 
gasometric technique of Van Slyke and Kugel 
(15). For the cholesterol determinations the 
procedure of Knobil and associates was used 
(11). The tissue content of inorganic phosphate 
was recorded as a measure of the degree of cal- 
cification present in the samples. 

Adenylpyrophosphatase—The final millimolar concentrations used 
(total volume, 4.75 ml.) were : adenosinetriphosphate disodium, 1.5; 
magnesium chloride, 1.0; tris(hydroxymethyl)amincmethane, 16.0; 
2-amino-2-methyl]-1,3-propanediol, 16.0; HCl, 16.0; the pH of the 


buffer-substrate mixture was 8.1. An amount of homogenate corre- 
sponding to 10 to 50 mg. of fresh tissue was employed in each test. 


t The author is indebted to Dr. J. J. Connor for assistance in 
obtaining specimens. 
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A tissue test without addition of adenosinetriphosphate was run with 
each sample and reagent blanks with and without adenosinetriphos- 
phate with each set of analyses. Glassware cleaned with warm HCl 
and rinsed with glass-distilled water was used throughout the tests. 

The samples were incubated for 30 min. at 38 C. and 1.0 ml. 
aliquots of the incubation mixture were removed at 0 and 30 min. 
Each aliquot was added to 0.2 ml. of 30% trichloroacetic acid con- 
tained in a test tube placed in ice water. After centrifugation, 500 
cu.mm. of the supernatants were used for determination of ortho- 
phosphate. The colorimetric phosphate determinations were performed 
by addition of 5.0 ml. of freshly prepared acetate-molybdate-ascorbic 
acid reagent of the composition described by Lowry, Roberts, Wu, 
Hixon, and Crawford (13). The readings were made in a Beckman 
DU spectrophotometer at 65) millimicrons. The molar extinction 
coefficient observed for phosphate under these conditions was 3600; 
the results of the analyses were found to be closely reproducible. 

The Km observed for adenosinetriphosphate was 5.1 x 10-* M. 
Studies on the effect of the magnesium concentration on the enzyme 
activity revealed the highest activity at a concentration of 1.0 mM; 
the activities observed at 0.5, 2.0, 2.5, and 5.0 mM concentrations 
were, respectively, 71, 89, 81, and 71° of the activity recorded at 
the 1.0 mM concentration. 

An investigation was made of the correlation between enzyme ac- 
tivity and time of incubation. The results revealed linearity between 
the incubation period and the amounts of inorganic phosphate liber- 
ated until a quantity of phosphate approximately equalling that of 
one phosphate group of the adenosinetriphosphate substrate had been 
released; after this stage had been reached the activity curve resembled 
that of a first order reaction. A close correlation was noted within 
the first stage of the test between the quantities of tissue used and 
the amounts of phosphate liberated. 

Inorganic Pyrophosphatase—The final millimolar concentrations 
used (total volume, 5.0 ml.) were: sodium pyrophosphate, 1.0; mag- 
nesium chloride, 15.0; barbital, 60.0 ; the pH of the buffer-substrate 
mixture was 7.2. The sodium pyrophosphate solution was added to 
the buffer before the magnesium chloride solution to prevent precipi- 
tation of magnesium pyrophosphate. An amount of homogenate 
corresponding to 10 to 25 mg. of fresh tissue was employed in each 
test; the incubation period used (38 C.) was 30 min. The performance 
of reagent blanks, tissue blanks, protein precipitation, and colori- 


metric phosphate determination was carried out in a manner similar” 


to that described for the adenylpyrophosphatase procedure. 

The Km observed for sodium pyrophosphate under the conditions 
of the method was 4.2 x 10-* M. Experiments were conducted to 
investigate the relation between the magnesium chloride concentration 
and the pyrophosphatase activity; in these tests, as in the finally 
developed procedure described above, the pyrophosphate solution was 
added to the buffer before the magnesium chloride reagent. The 
results, presented in figure 1, show a maximum enzyme activity at a 
15.0 millimolar magnesium chloride concentration in the presence of 
1.0 millimolar sodium pyrophosphate. 

After the establishment of an optimal molar magnesium chloride/ 
sodium pyrophosphate ratio of 15, further experiments were carried 
out in which this ratio was maintained and the pyrophosphate con- 
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Fig. 1. Effect of magnesium chloride concentration on 
the inorganic pyrophosphatase activity of aortic tissue 
homogenate. 


centration varied from 0.2 to 4.0 mM. The activity was found to 
increase with the pyrophosphate concentration from 0.2 to 1.0 mM, 
the recorded values for 0.2, 0.4, and 0.6 millimolar concentrations 
being, respectively, 45, 78, and 86% of the activity measured at the 
1.0 millimolar concentration. Since an increase in the sodium pyro- 
phosphate concentration to 2.0 mM resulted in a visible precipitation 
of magnesium pyrophosphate after 15 min., and an increase to 4,0 
mM was followed by an instantaneous precipitation, the 1.0 mM 
sodium pyrophosphate concentration was chosen for the activity 
measurements. It should be noted that this concentration is 2.4 times 
the observed Km value. A satisfactory proportionality was noted 
between the quantities of tissue used and recorded enzyme activities 
over a 30-min. incubation period. 

Phosphomonoesterase—The final millimolar concentrations used 
(total volume, 6.0 ml.) were : paranitrophenylphosphate, 6.25; mag- 
nesium chloride, 4.0 : citric acid-sodium citrate, 120.0; the pH of 
the buffer-substrate mixture was 5.6. An amount of homogenate 
corresponding to 25 mg. of fresh tissue was employed in each test, 
A reagent blank was run with each set of analyses. 

The samples were incubated for 30 min. at 38 C., and 2.0 ml, 
aliquots of the incubation mixture were removed at 0 and 30 min. 
Each aliquot was added to 1.0 ml. of 30% trichloroacetic acid con- 
tained in a test tube placed in ice water. After centrifugation, 1.0 
ml. of the supernatant was pipetted into a test tube, and 3.0 ml, 
of 1 N NaOH were added. The color development was performed in 
duplicate, and the colorimetric readings were made at 410 millimi- 
crons, using a Beckman DU spectrophotometer. 

The molar extinction coefficient observed for paranitrophenol was 
17,500, a value which is similar to that reported by Lowry, Roberts, 
Wu, Hixon, and Crawford (13). The Km found for paranitrophenyl- 
phosphate was 1.5 x 10°* M. A high degree of proportionality was 
noted between time of incubation and recorded enzyme activities over 
a 40-minute period, and between the quantities of tissue employed 
and the measured activities over a 10 to 50 mg. range. 


RESULTS 
A. Investigations on Degree of Specificity of Measured 
Phosphatase Activities 

The problem of the identity of the enzymes respon- 
sible for the adenylpyrophosphatase and inorganic pyro- 
phosphatase activities observed in various tissues has 
been the subject of rather extensive investigation and 
discussion. In connection with the present study ex- 
periments were carried out with the purpose of eluci- 
dating this point with regard to human arterial tissue. 
In addition, the degree of interference of 5-nucleotidase 
with the dephosphorylation of adenosinetriphosphate 
and of the unspecific phosphomonoesterase with the 
dephosphorylaticn of adenosinetriphosphate and inor- 
ganic pyrophosphate was studied. All the comparative 
measurements were carried out on the same homogen- 
ates. 

The results of the experiments designed for the study 
of the identity or non-identity of the adenylpyrophos- 
phatase and inorganic pyrophosphatase activities are 
presented in figure 2. In one of the experimental series 
(curves A and,B) the standard substrate and magne- 
sium concentrations were employed as listed under 
“Methods.” For investigation of the effect of pH on 
the activities the buffer used for the particular enzyme 
was adjusted to pH 6.9, 7.2, 7.5, 7.8, 8.1, and 8.4. As 
seen from the figure the observed pH optimum for the 
adenylpyrophosphatase activity was found to be 8.1, 
and for the inorganic pyrophosphatase activity 7.1-7.2. 
In order to exclude effects of the types of buffer em- 
ployed, additional studies were carried out in which the 
buffers were interchanged (curves C and D). As re- 
corded in the figure the interchange of the buffers had 
little effect on the enzyme activities or on the pH 
optima. An additional series of experiments was then 
undertaken in which the adenylpyrophosphatase ac- 
tivity was measured at the magnesium chloride concen- 
tration employed in the inorganic pyrophosphatase ex- 
periments (15.0 millimolar concentration, curve E) and 








the in 
magne: 
pyroph 
curve | 
that th 
15.0 m 
ate, in! 
would 
ducted 
that e 
minim 
organi 
presen 
centrat 

The 
differc 
enzym 
phatas 
enzym 
centra 
phatas 
and Jc 
in hu 

In t 
pyropl 


mM PO 

Gm. We 

Hour 
04 


0.3 


Fig 
phosr 
measi 

Cu 
and 
milli 

Cu 
barbi 
conce 

Cu 
bital 
centr 

Cu 
tris | 

15.0 

Cu 
and 
milli 

Cu 

barb 


conce 


und to 
0 mM, 
trations 
at the 
n pyro- 
Ditation 
to 40 
0 mM 
activity 
1 times 
noted 
tivities 


used 
; Mag- 
pH of 
genate 
h test, 


0 ml. 
| min. 
1 con- 
n, 1.0 
0 ml, 
ved in 
Nlimi- 


1 was 
sberts, 
ienyl- 
y Was 
. over 


loyed 


ured 


0n- 
yro- 
has 


and 


uci- 
sue, 
lase 
late 
the 
10r- 
tive 


udy 
0S- 
are 
ries 
ne- 
der 
on 
me 


the 
3.1 


m- 
he 
re- 
ad 
1H 
en 
c- 


X= 


ad 








PHOSPHATASE ACTIVITIES OF ARTERIAL TISSUE 183 


the inorganic pyrophosphatase activity recorded at the 
magnesium chloride concentration used in the adenyl- 
pyrophosphatase studies (1.0 millimolar concentration, 
curve F). It will be seen from the figure (curve E) 
that the increase of the magnesium concentration to a 
15.0 millimolar level caused a definite, although moder- 
ate, inhibition of the adenylpyrophosphatase activity, as 
would have been expected from the previously con- 
ducted experiments on the magnesium dependency of 
that enzyme. It should further be noted that only a 
minimal phosphatase activity was observed when in- 
organic pyrophosphate was used as substrate in the 
presence of a 1.0 millimolar magnesium chloride con- 
centration (curve F). 

The demonstration cf different pH optima and of 
different magnesium requirements for the two types of 
enzyme activities suggests that arterial adenylpyrophos- 
phatase and inorganic pyrophosphatase are not identical 
enzymes. The requirement of a high magnesium con- 
centration for the activation of the inorganic pyrophos- 
phatase probably explains the failure of Balé, Banga, 
and Josepovits (3) to detect the presence of this enzyme 
in human arterial tissve. 

In the evaluation of the recorded activities of adenyl- 
pyrophosphatase and inorganic pyrophosphatase various 
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Fig. 2. Adenylpyrophosphatase and inorganic pyro- 
phosphatase activities of the same aortic homogenate, as 
measured under different conditions. 

Curve A: Adenylpyrophosphatase activity using tris 
and 2-amino-2-methyl-1,3-propanediol buffer and 1.0 
millimolar magnesium chloride concentration. 

Curve B: Inorganic pyrophosphatase activity using 
barbital buffer and 15.0 millimolar magnesium chloride 
concentration. 

Curve C.: Adenylpyrophosphatase activity using bar- 
bital buffer and 1.0 millimolar magnesium chloride con- 
centration. 

Curve D: Inorganic pyrophosphatase activity using 
tris and 2-amino-2-methyl-1,3-propanediol buffer and 
15.0 millimolar magnesium chloride concentration. 

Curve E.: Adenylpyrophosphatase activity using tris 
and 2-amino-2-methyl-1,3-propanediol buffer and 15.0 
millimolar magnesium chloride concentration. 

Curve F.: Inorganic pyrophosphatase activity using 
barbital buffer and 1.0 millimolar magnesium chloride 
concentration. 


other aspects must be considered. With regard to 
adenylpyrophosphatase the ability of this enzyme to 
remove not only the terminal phosphate group from 
adenosinetriphosphate, but also a phosphate group from 
adenosinediphosphate has been pointed out by Banga 
and Nowotny (4). This fact was confirmed in the 
present study through the kinetic investigations pre- 
viously mentioned and through the finding of a notable 
liberation of orthophosphate from adenosinediphosphate 
under the conditions employed for the adenylpyrophos- 
phatase measurements. As the result of the action of 
this enzyme on adenosinediphosphate a certain amount 
of adenosinemonophosphate will be released which may 
serve as a substrate for 5-nucleotidase. In order to es- 
tablish the extent to which 5-nucleotidase might inter- 
fere with the adenylpyrophosphatase determinations 
parallel experiments were carried out with the same 
homogenates in which, respectively, adenosinetriphos- 
phate and adenosinemonophosphate were employed as 
substrates, the conditions otherwise being similar to 
those used in the adenylpyrophosphatase tests. The 
observed 5-nucleotidase activity was found to be of the 
same order of magnitude as that of adenylpyrophos- 
phatase, which suggests that 5-nucleotidase may con- 
tribute notably to the liberation of inorganic phosphate 
in the adenylpyrophosphatase tests if these are con- 
tinued to a stage where appreciable quantities of adenyl- 
monophosphate are made available for the enzyme. 

Although the unspecific phosphomonoesterase is ca- 
pable of hydrolyzing both adenosinetriphosphate and 
inorganic pyrophosphate the interference by this 
enzyme in the activity measurements of adenylpyro- 
phosphatase and inorganic pyrophosphatase was found 
to be fairly small under the experimental conditions 
employed in the present study. This is explainable by 
the facts 1) that the arterial phosphomonoesterase pos- 
sesses an optimal activity at pH 5.6-5.7 (10) and ex- 
hibits only moderate activity at pH 7.2 and 8.1, and 2) 
that the phosphomonoesterase activity of human arterial 
tissue, even when measured under optimal conditions, 
is considerably lower than the activities of adenylpyro- 
phosphatase and inorganic pyrophosphatase. For ver- 
ification of these points a series of experiments was 
conducted in which paranitrophenylphosphate was 
added to the substrate-buffer mixtures used in the 
adenylpyrophosphatase and inorganic pyrophosphatase 
tests, and the quantities of paranitrophenol liberated 
by the homogenates were determined. The average 
phosphomonoesterase activities measured under these 
conditions at pH 7.2 and 8.1 were found to be, respec- 
tively, 27.7% (range 25.9-28.2) and 6.6% (range 4.2- 
8.3) of the activities observed in simultaneously per- 
formed regular phosphomonoesterase determinations at 
pH 5.6. The calculated phosphate liberation by the 
phosphomonoesterase at pH 7.2 was 9.4% (range 8.5- 
10.4) of the activity exhibited by the inorganic pyro- 
phosphatase, and at pH 8.2 was 1.4% (range 1.1-1.8) 
of the activity of the adenylpyrophosphatase of the 
same homogenates. 


B. Phosphatase Activities of Arterial Samples 


The mean enzyme activities of aortic, pul- 
monary artery, and coronary artery samples ob- 
served for various age groups have been listed 
in table 1. 


















































TAl 
Taste |. MEAN PHospHaTAsE ACTIVITIES OF HUMAN ARTERIAL TISSUE IN Various AGE Groups. pe 
Adenylpyrophos- Inorganic Pyrophos- Phosphomono- 
phatase phatase esterase 
gs a. gs a. gs E ! 
ao s2) Se <3 Ss 23 os Os G 
pine w | @e\22| 6 /428!| ¢ | de] ¢ | 28] g¢ [da] ¢ | 48! (Y 
ears N = > —= 3 Z = = 3 4 = $ = 5 = = = 
gF SB 3 S24 cs 62 : cZ s 68 - 62) 3 
g s oa 3 ag s oS) = mg 3 Aa = mg < 
: = 3 ; = 2 ; =s a = 2 ; =3 ; = 3 “ 
no, s = s =} = 3 S <3 or) < 
Os] EB = ER 2 ES a Ee a ES 3 E& : 
\ 
Normal Aortic Tissue — 
ean aa - 20 
0-9 17 0.2 0.22 | 0.08 5.3 2.6 0.15 | 0.08 3.7 2.1 0.024 | 0.009 | 0.6 0.2 30 
10 - 19 5 0.3 0.26 | 0.03 7.3 1.8 0.29 0.06 8.7 4.2 | 0.044 | 0.012 1.2 0.4 4c 
20 - 29 2 0.5 0.28 —_ 7.4 a 0.24 6.2 = 0.054 = 1.4 ee 50 
30 - 39 7 0.4 0.20 | 0.05 5.1 1.2 0.16 | 0.04 3.8 0.8 | 0.046 0.008 1.2 0.3 60 
40 - 49 12 0.6 0.21 0.07 5.7 1.7 0.19 | 0.04 5.2 0.9 | 0.049 | 0.009 1.3 0.3 70 
50 - 59 21 0.6 0.20 0.05 5.6 1.7 0.14 0.04 3.9 1.5 | 0.042 | 0.009 1.2 0.3 —— 
60 - 69 19 0.7 0.19 | 0.06 5.2 1.8 0.14 | 0.06 4.0 1.6 | 0.048 | 0.017 1.3 0.5 Gran¢ 
70 - 85 4 0.7 0.20 = 6.1 a 0.19 iim 6.0 eS 0.036 = 1.2 = 
Grand Mean 0.21 0.07 5.6 2.0 0.16 0.05 4.5 2.2 0.041 0.014 1.1 0.4 
Arteriosclerotic Aortic Tissue i 
ee pe | zy the ¢ 
10 - 19 1 0.8 0.30 = 6.9 = 0.29 = 6.5 = 0.053 = 1.2 — pyro) 
20 - 29 1 0.6 0.30 ~~ 8.7 se 0.24 = 6.9 — 0.053 = 1.5 ~ : 
30 - 39 4 0.5 0.17 — 4.1 = 0.13 == 3.2 - 0.036 = 0.9 = tissu 
40 - 49 12 13 | 020 | 0.11 5.6 3.1 0.17 | 0.04 4.8 1.5 | 0.043 | 0.009 | 1.2 0.3 high 
50 - 59 20 1:7 0.16 | 0.06 4.7 1.9 0.12 | 0.05 3.6 1.7 | 0.043 | 0.014 L3 0.4 tivity 
60 - 69 18 1.3 0.16 | 0.05 4.8 1.7 0.13 0.06 3.5 1.9 0.042 | 0.012 1.2 0.4 Has 
70 - 85 4 2.5 0.10 = 3.4 = 0.11 ; 3.9 0.038 vs 1.4 = expre 
Settle acl Seen ei ales Se a liber: 
Grand Mean 0.17 0.08 4.9 2.2 G17 6.07 3.9 1.8 0.042 | 0.012 1.3 0.4 mM 
a =e notec 
Pulmonary Artery Tissue ; _ = incre 
num 
0- 9 13 0.2 0.23 (0.10 6.0 $1 0.13 0.06 3.3 1.5 | 0.019 | 0.007 | 0.5 0.2 this ; 
10 - 19 5 0.3 0.24 0.12 6.4 3.4 0.39 0.09 9.9 0.3 | 0.028 | 0.011 0.7 0.3 rae 
20 - 29 2 0.2 0.36 — 9.7 — 0.30 7.9 a 0.039 : 3 - sions 
30 - 39 7 0.2 0.26 0.06 6.9 2.3 0.18 | 0.06 4.8 1.7 | 0.030 | 0.008 | 0.8 0.1 chan 
40 - 49 12 0.3 0.28 0.09 8.1 2.5 0.26 0.08 7.4 2.2 | 0.038 0.007 1.1 0.3 f 
50 - 59 21 0.4 | 026 | 0.05 | 7.9 22 | 0.19 | 0.07 | 5.7 24 0.034 | 0.007 | 1.1 0.3 — 
60 - 69 17 0.4 0.23 0.05 6.8 L7 0.18 0.08 5.4 1.8 | 0.038 | .0.012 1.1 0A indi\ 
70 - 85 4 0.4 0.18 a 5.6 = 0.17 = 5.2 0.025 3 0.8 - the | 
Grand Mean 2.4 0.20 | 0.09 | 5.7 2.5 | 0.032 | 0.011 0.9 0.4 eral 
7 = bee: aie _ - fn basis 
Normal Coronary Artery Tissue In 
SS ‘cae = meal 
0-9 4 02 | 032 | — 6.7 ee alee 4.9 S.A 0.4 = from 
10 - 19 4 0.3 0.18 ram 4.1 a 0.41 _ 9.1 = 0.030 an 1.1 _ } defir 
20 - 29 2 0.1 0.44 — 14.0 — 0.44 —_ 13.6 = 0.040 = 1.3 - : 
30 - 39 6 0.2 0.44 | 0.15 | 13.5 6.1 0.33 | 0.12 | 10.1 4.2 | 0.027 | 0.013 | 0.8 04 tissu 
40 - 49 9 0.5 0.34 0.17 8.8 6.4 0.36 | 0.10 10.5 3.5 | 0.035 | 0.006 | 0.9 0.2 ples 
50 - 59 10 0.4 0.53 | 0.15 | 13.5 4.5 0.30 © 0.10 8.3 3.6 | 0.032 | 0.009 | 0.8 0.3 tissu 
60 - 69 11 0.5 0.53 0.20 15.7 8.2 0.43 0.26 13.8 6.4 0.034 | 0.012 1.2 0.6 ry 
70 - 85 4 0.5 0.37 — 13.7 _ 0.21 — 7.8 — 0.033 — 1.3 — whe; 
SS the 1 
Grand Mean 0.43 | 0.19 | 12.5 6.5 0.34 0.14 10.1 4.5 0.032 0.011 1.0 0.5 I 
: phos 
tissu 











s.d. of distr. 


| 


0.2 
0.4 


0.3 
0.3 
0.3 
0.5 


0.4 


0.2 
0.3 
0.1 
0.3 


0.3 
0.4 


0.4 








PHOSPHATASE ACTIVITIES OF ARTERIAL TISSUE 185 


Taste 1. MEAN PHospHate ActTiviTiEs OF HUMAN ARTERIAL TISSUE IN Various AGE Groups. (CONTINUED.) 
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AORTIC SAMPLES 


I. Normal aortic tissue—It will be seen from 
the data recorded in table 1 that the adenyl- 
pyrophosphatase activity of the normal aortic 
tissue usually was found to be moderately 
higher than the inorganic pyrophosphatase ac- 
tivity, the mean values for the two enzymes, 
expressed as the quantities of orthophosphate 
liberated, being, respectively, 0.21 and 0.16 
mM Gm. wet tissue ‘hour. Some tendency was 
noted for both the pyrophosphatase activities to 
increase in the 10-29-year age groups, but the 
number of samples available from subjects in 
this age range was too small to permit conclu- 
sions with regard to that point. No significant 
changes in the enzyme activities with age were 
found for the samples from the 30-85-year-old 
individuals. The activity values expressed on 
the basis of the tissue nitrogen content in gen- 
eral paralleled the values calculated on the 
basis of the wet tissue weight. 

In contrast to the two pyrophosphatases the 
mean phosphomonoesterase activity of samples 
from children aged 0-9 years was found to be 
definitely lower (0.025 mM PO, lib./Gm. wet 
tissue/hour) than the average activity of sam- 
ples from adults (0.046 mM PO, lib./Gm. wet 
tissue/hour). This difference is also apparent 
when the values are expressed on the basis of 
the tissue nitrogen content. 

II. Arteriosclerotic aortic tissue—The mean 
phosphatase activities of arteriosclerotic aortic 
tissue portions have likewise been listed in table 


1. Because of the possibility of the existence of 
a correlation between the degree of calcification 
present in the arteriosclerotic samples and the 
enzyme activities, an examination of such rela- 
tionship was made in which the inorganic phos- 
phate content of the samples served as a meas- 
ure of the degree of calcification. As seen from 
table 2 the adenylpyrophosphatase and inor- 
ganic pyrophosphatase activities of the arteri- 
osclerotic samples showed only moderate varia- 
tions within the tissue phosphate range of 
0.1-2.0%, whereas definitely lower values were 
observed for samples having a phosphate con- 
tent between 2.0 and 7.0%. No certain de- 
crease was noted in the phosphomonoesterase 
activity of the latter samples when the average 
value was calculated on the basis of the tissue 
nitrogen content. 

Because the degree of calcification above a 
certain level seemed to have a definite influence 
on the activities of adenylpyrophosphatase and 
inorganic pyrophosphatase, comparison of the 
enzyme activities of normal and arteriosclerotic 
tissue portions of the same blood vessels was 
made separately on samples in which the 
arteriosclerotic tissue possessed a phosphate 
concentration below and above 2.0%. The re- 
sults of the comparisons made on samples with 
a lower degree of calcification are shown in 
table 3. It will be seen from the data that the 
mean activities of adenylpyrophosphatase and 
inorganic pyrophosphatase, when calculated for 
the total number of samples, were moderately 
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TABLE 2. RELATIONSHIP BETWEEN TissUE CONTENT OF INORGAN:C PHOSPHATE AND PHOSPHATASE ACTIVITIES oF tissu 
ARTERIOSCLEROTIC AORTIC AND Corponary ARTERY SAMPLES. both 
ie ar enn mm . = weigl 
Adenylpyro- Inorganic Pyro- Phosphomono- trast 
phosphatase phosphatase esterase 
cae, Cert ne A ee i ali, a serve 
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Wet Tissue o 2 = = aa 3 
= 2 = 2 = »@ = 3 = »@ = a abov 
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} pyro] 
Arteriosclerotic Aortic Samples aortl 
” ae pes jee pyro} 
0.10 - 0.29 10 0.17 4.2 0.18 4.8 | 0.041 11 and ; 
0.30 - 0.69 35 0.18 5.1 0.14 4.0 0.047 1.4 inorg 
0.70 - 0.99 5 0.15 6.4 0.13 4.0 0.036 1.2 weig] 
1.00 - 1.99 2 0.12 3.2 0.14 3.9 0.037 1.0 ‘ig 
Above 2.00 5 0.07 2.0 0.04 1.2 0.025 11 the 
ne ae ee ee _ i respo 
Arteriosclerotic Coronary Artery Samples mont 
0.10 - 0.29 16 0.39 | 13.3 0.35 11.3 0.044 1.5 
0.36 - 0.69 8 0.39 12.9 0.19 6.1 0.049 1.6 TI 
0.70 - 0.99 4 0.39 13.3 0.21 t.8 0.046 1.9 pyro; 
1.00 - 1.99 7 0.32 11.0 0.22 7.7 0.037 1.4 ter 
Above 2.00 10 0.11 2.1 0.15 4.4 0.035 1.0 * 
high 
0.20 
respc 
(tabl 
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arter 
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TaBLE 3. MEAN ENzyMe ACTIVITIES OF ARTERIOSCLEROTIC TISSUE EXPRESSED IN PERCENTAGE OF ACTIVITIES OF No2MAl. by ti 
TissUE OF THE SAME ARTERIAL SAMPLEs.* yt 
——— ————————————————— —— ——— - = — tions 
Adenylpyrophosphatase Inorganie Pyrophosphatase Phosphomonoesterase mon 
— ~ — | —_—__—_—_————— —— ples 
Age Wet Tissue Wet Tissue Wet Tissue the 
Group Tissue Nitrogen Tissue Nitrogen Tissue Nitrogen d 1 
(Years) N = a ee ae ea aa inanne eee geek adu 
‘a t of aa t of os t of Po t of Pee t of F t of 
“ diff. . diff. . diff. . diff. . diff. ° diff. LL. 
; i ia ig ee a sults 
Aortic Samples P . d 
ee a ee ae ttm ae rie 
l l ; 
l | | | | inclu 
30 - 49 15 92 1.13 94 | 0.89 | 88 | 2.74 89 2.25 87 2.35 | 86 | 2.10 h 
50 - 59 19 86 2.94 91 1.70 90 1.60 95 0.68 104 0.47 | 118 1.21 that 
60 - 75 19 77 2.07 76 2.48 86 1.59 91 1.26 95 1.26 96 0.55 (0.4! 
a me age 
30 - 75 53 85 3.32 86 3.04 88 3.42 91 2.11 95 0.96 98 0.30 ’ M 
m 
Coronary Artery Samples hich, 
a ee ee ee ig 
whe 
30 - 75 24 80 2.85 93 0.80 81 3.22 89 1.10 127 3.36 135 2.30 M 
mM 
* Arteriosclerotic samples with a high degree of calcification (tissue inorganic POs content above 2.0%) are not included. of m 
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but significantly lower in the arteriosclerotic 
tissue sections than in the normal aortic tissue, 
both when expressed on the basis of wet tissue 
weight and tissue nitrogen content. In con- 
trast to this, no certain differences were ob- 
served between the average phosphomonoes- 
terase activities of the arteriosclerotic and nor- 
mal tissue portions. 

The arteriosclerotic aortic samples which 
possessed a tissue phosphate concentration 
above 2.0% were found to have markedly lower 
pyrophosphatase activities than the normal 
aortic tissue, the mean values for the adenyl- 
pyrophosphatase being 35% (wet tissue weight) 
and 37% (tissue nitrogen content), and for the 
inorganic pyrophosphatase 35% (wet tissue 
weight) and 38% (tissue nitrogen content) of 
the activities of the normal tissue. The cor- 
responding percentage values for the phospho- 
monoesterase were 58 and 74. 


PULMONARY ARTERY SAMPLES 

The adenylpyrophosphatase and inorganic 
pyrophosphatase activities of the pulmonary 
artery samples were found to be moderately 
higher (average values, respectively, 0.25 and 
0.20 mM/Gm. wet tissue ‘hour) than the cor- 
responding activities of normal aortic tissue 
(table 1). In contrast to this, the mean phos- 
phomonoesterase activity of the pulmonary 
artery tissue (0.032 mM /Gm. wet tissue/hour) 
was somewhat lower than the activity exhibited 
by the aorta. In accordance with the observa- 
tions on aortic tissue the average phospho- 
monoesterase activity of pulmonary artery sam- 
ples from children was found to be lower than 
the mean activity recorded for samples from 
adults. 

CORONARY ARTERY SAMPLES 

I. Normal coronary artery tissue—The re- 
sults of the enzyme activity measurements car- 
ried out on the coronary artery samples are 
included in table 1. The recorded values show 
that the mean adenylpyrophosphatase activity 
(0.43 mM /Gm. wet tissue/hour) and the aver- 
age inorganic pyrophosphatase activity (0.32 
mM /Gm. wet tissue/hour) of the normal coro- 
nary artery tissue are approximately twice as 
high as the activities of the aortic samples, 
whereas the phosphomonoesterase value (0.032 
mM/Gm. wet tissue/hour) is of the same order 
of magnitude. The number of samples obtained 
from children and from subjects above 70 years 
was too small to permit comparison with values 
observed for persons aged 20-65 years. For the 


latter age group no significant changes in the 
phosphatase activities were observed with age. 

II. Arteriosclerotic coronary artery tissue— 
As seen from table 2 a relationship was found 
between the inorganic phosphate content of the 
arteriosclerotic coronary artery samples and the 
enzyme activities which was essentially similar 
to that reported for the aortic samples. 

The results of comparisons of the enzyme 
activities of normal and arteriosclerotic sections 
of the same coronary arteries are listed in table 
3, which includes only observations on those 
samples in which a phosphate content below 
2.0% was recorded for the arteriosclerotic por- 
tion of the vessels. It will be seen from the 
table that a decreased activity of both adenyl- 
pyrophosphatase and inorganic pyrophospha- 
tase was found for the arteriosclerotic tissue, an 
observation similar to that made for the aortic 
samples. For the coronary artery samples, how- 
ever, the differences were not statistically sig- 
nificant when calculated on the basis of the 
tissue nitrogen content. In contrast to the aor- 
tic samples the mean phosphomonoesterase ac- 
tivity of the arteriosclerotic coronary artery tis- 
sue sections was found to be significantly higher 
than the activity of the normal tissue. 

The arteriosclerotic coronary artery samples 
which had a tissue phosphate content above 
2.0% showed a further decrease in the pyro- 
phosphatase activities as compared with the 
normal tissue. The mean percentage values for 
adenylpyrophosphatase and inorganic pyro- 
phosphatase were 55 and 68, when calculated 
on the basis of wet tissue weight, and 51 and 
88, when expressed on the basis of the tissue 
nitrogen content. The corresponding values for 
the phosphomonoesterase were 124 and 100%. 

DISCUSSION 

The present investigation has confirmed the 
findings by Balé, Banga, and Josepovits (3), 
Banga and Nowotny (4), and Antenini and 
Weber (2) of a high adenylpyrophosphatase 
activity in human arterial tissue. The recorded 
activity values for this enzyme in aortic tissue 
are somewhat higher than those listed by the 
previous investigators, a fact which may be due 
to the different experimental conditions em- 
ployed and the larger number of arterial sam- 
ples examined. In agreement with the observa- 
tions by Banga and Nowotny (5) and by 
Antonini and Weber (2) the adenylpyrophos- 
phatase activity of arteriosclerotic aortic tissve 
portions was in general found to be lower than 
the activity of the normal tissue. 
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The different pH optima and magnesium re- 
quirements demonstrated in the present study 
for the hydrolysis of adenosinetriphosphate and 
inorganic pyrophosphate tend to indicate that 
these activities represent the functions of two 
separate enzymes. For further elucidation of 
this subject investigations aimed at isolating the 
enzymes from the arterial tissue would be de- 
sirable. 

The high adenylpyrophosphatase activity of 
human arterial tissue deserves attention since 
this activity represents an energy-producing 
mechanism. The fact that the activity of the 
enzyme in human arteries is of the same order 
of magnitude as in striated muscle tissue (4) 
is somewhat remarkable in view of the low 
oxidative metabolism of the arterial tissue. 


SUMMARY 


Determinations were made of the adenylpy- 
rophosphatase, inorganic pyrophosphatase, and 
phosphomonoesterase activities of 86 samples 
of the aorta, 81 samples of the pulmonary ar- 
tery, and 50 samples of the coronary artery ob- 
tained from individuals of various ages. In the 
case of the aortic and coronary artery samples 
the enzyme activity measurements were made 
separately on normal and arteriosclerotic por- 
tions of the same blood vessels. 

The average enzyme activities of the normal 
aortic tissue, expressed as millimoles of PO, 
liberated/Gm. wet tissue/hour, were: adenyl- 
pyrophosphatase, 0.21; inorganic pyrophospha- 
tase, 0.16; and phosphomonoesterase, 0.041. 
The corresponding values for the pulmonary 
artery tissue were 0.25, 0.20, and 0.032; and for 
the normal coronary artery tissue 0.43, 0.34, 
and 0.032. The phosphomonoesterase activity 
of samples from children was lower than the 
activity observed for adult tissue; in the case of 
the pyrophosphatases no certain change in en- 
zyme activity with age was found. 

The mean adenylpyrophosphatase and _ in- 
organic pyrophosphatase activities of the ar- 
teriosclerotic aortic and coronary artery tissue 
were moderately lower than the activities of 
the normal tissue of the same arteries. In con- 
trast to this, no significant difference was ob- 
served between the phosphomonoesterase ac- 
tivity of the arteriosclerotic and normal aortic 
tissue and a higher average phosphomonoester- 
ase activity was recorded for the arterioscler- 
otic coronary artery tissue as compared with the 
normal tissue. 








Observations on the pH and magnesium de- 
pendency of the adenylpyrophosphatase and in- 
organic pyrophosphatase activities of the ar- 
terial tissue tend to suggest that these activities 
represent the functions of two different en- 
zymes. 
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CHANGES IN CENTRAL PULSE AND FINGER 
PLETHYSMOGRAPHY DURING AGING 


GORDON C. RING, Ph.D., T. KURBATOV, B.A., AND GEORGE J. SHANNON* 
(From the Department of Physiology, University of Miami School of Medicine, Coral Gables) 


Records of the carotid or finger pulse can be 
made without discomfort to the subject. For 
this reason they can be expected to represent 
cardiovascular events occurring normally. They 
may not depict these events with great ac- 
curacy, but many of the changes occurring dur- 
ing aging can be easily observed. The results 
to be reported here parallel those obtained by 
using more accurate methods. 


METHODS AND MATERIALS 

For recording the carotid pulse we have used 
a glycerine pellet connected by tubing about 30 
cm. long to a Grass strain gauge. For finger 
plethysmography, a finger cup was placed on a 
finger (usually the third) of one hand and 
volume recorded. A pressure cuff was placed 
on this finger close to the finger cuff. The re- 
cordings were amplified to the size required for 
accurate measurements of contour and timing. 
The paper speed for this work was either 50 or 
100 mm./sec. The pressure in the cuff could 
be raised rapidly at any time in the cardiac 
cycle, by means of a solenoid switch activated 
after an appropriate delay by the subject’s R 
wave. This switch opened a valve between the 
large pressure bottle and the pressure cuff. 
Usually the valve was caused to open about 0.1 
sec. prior to the next systole, so that the artifact 
produced by the pressure cuff did not affect the 
recording of the next cycle. The records were 
obtained with the subject in a supine position 
and the fingers at approximately heart level. 
The vessels of the finger could usually distend 
enough following occlusion so that the normal 
inflow could be accommodated for 2, 3, or 4 
successive beats. However, to be sure that no 
distortions resulted from a rise in venous pres- 
sure, we have measured only the first cycle, 
averaging the records from 8 to 10 venous oc- 
clusions. 

As results accumulated, it became obvious 
that the contour of the peripheral pulse was 
different in older men than in younger indi- 
viduals, and we, therefore, decided to see 
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whether the carotid pulse showed similar 
changes. Although the purpose of this work 
was not to study pulse velocity, since we had 
records showing the difference in the time of 
arrival of the pulse at the carotid and at the 
finger, we are reporting these results. 

These studies were made in an air-condi- 
tioned room which was maintained at a tem- 
perature of about 28 C. The temperature of 
the room varied about one degree from the 
mean. It always felt comfortable to the subjects. 
For analysis of our results the subjects were 
divided into those under 40 (19 subjects) and 
those over 50 years of age (18 subjects). The 
groups included about an equal number of each 
sex. We used the Student’s t test for determin- 
ing P value of the difference. 


RESULTS AND DISCUSSION 

On a few subjects, observations were repeated 
a week or more apart and on these subjects the 
results checked satisfactorily. For example, on 
one subject, the peripheral crest time was 0.218 
sec. at one time and 0.228 sec. at another. The 
finger blood flow was observed to be 2.1 ml./10 
ml. of finger vol./min. and 2.6 ml. on two dif- 
ferent days. 

Finger blood flow.—Finger blood flow as 
measured by plethysmography is dependent 
upon a number of factors. Those to be consid- 
ered here are vasomotor changes, arterial and 
venous pressures, and age. Burch (1) has 
pointed out the importance of considering the a 
waves in measurement of blood flow. The in- 
crease in pulse volumes and increase in finger 
volume are correlated with vasodilation and 
small pulse volume and reduced finger volume 
with vasoconstriction. In some subjects these a 
waves are large and in others they are quite 
small. For our work we have made no attempt 
to record at any particular phase of the a 
waves, and have averaged the large and small 
flows recorded on each subject. The finger 
blood flow for those under 40 years (average 
age 26 years) averaged 4.77 + 0.62 ml./10 ml. 
of finger vol./min. (table 1); for the group over 
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TABLE 1. 


Finger Blood Finger Pulse 


THE CHANGES WITH AGE OF CAROTID AND FINGER PULSE AND FINGER BLoop FLow. 


Carotid Pulse Finger Pulse 


ye es vol./10 ml. a 
: 3 of Finger ‘ ; 
Jol. . ss Half Amplitude " . A i 
Finger V as Volume Crest Time 5 P , Crest Time Half Amplitude 
Min. Time | Time 
Younger Group 
(less than 40 years) 4.77 + 0.62* 0.64 + 0.07 0.130 + 0.007 0.053 + 0.015 0.163 + 0.006 0.067 += 0.002 


Older Group 


(over 50 years) 2.76 + 0.19 


* Standard error of the mean. 


50 (average age 59 years) the figure was 2.76 
+0.19. The P for this difference is <0.01. 

Brandfonbrener and associates (2) have 
shown that the cardiac output decreases about 
1% per year during adult life. Our observa- 
tions based on finger volume suggest that the 
blood flow in this region diminishes even more 
rapidly than heart output during aging. Since 
the systolic and diastolic pressures are about the 
same for the two groups, the reduced flow must 
have resulted from increased resistance in the 
fingers. An increase in whole body resistance 
during aging has been reported by Landowne 
and associates (4). 

With each pulse the finger expands. For the 
younger group this expansion was 0.64 + 0.07 
ml./10 ml. of finger volume and for the older 
group the figure was 0.54 + 0.03. The differ- 
ence is not statistically significant. 

Pulse crest time.—In these observations we 
have studied the crest time (foot to peak time) 
for carotid and finger pulses. For both central 
and peripheral pulse, there is a lengthening of 
crest time with age. This may be recorded as 
a fraction of a second or as a proportion of the 
total cycle. The results are similar in either 
case. A lengthening in the crest time in the 
toe pulse during aging was observed by Simon- 
son (5), who found this to average 0.138 sec. 
for a group of 18 to 27-year-old men and 0.149 
for a group between 45 and 54 years. Our re- 
sults, which include both sexes, averaged for 
finger pulse of the group under 40 years (aver- 
age age 26 years) 0.163 + 0.006 (table 1) and 
for the group over 50 (average age 59 years) it 
was 0.228 + 0.006. P was <0.01. Our results 
show the same trend as Simonson’s but with a 
larger difference in crest time. Simonson’s re- 
sults were obtained using a_ photoelectric 
plethysmograph on the toe while we used the 
usual finger plethysmograph. His observations 


| 
0.54 + 0.03 0.175 


| 


+ 0.014 | 0.056 + 0.032 0.228 = 0.006 | 0.089 + 0.003 


were all made on men only while ours included 
both sexes. For his analysis he divided his ob- 
servations into those obtained from subjects 18 
to 27 years of age and those from the group 45 
to 54 years old while our results included a 
wider spread in age. If we select from our re- 
sults only those from the subjects who were 18 
to 27 years old, the crest time averages 0.134 
sec., a result similar to Simonson’s, but for our 
group 45 to 54 years old the average is found 
to be 0.174 sec., considerably higher than his 
results. 

The crest time for carotid as well as the 
finger pulse was lengthened with increasing 
age. In the younger group it was 0.130+ 
0.007 second and the older group 0.175 + 0.014. 
The P value for the difference is <0.01. The 
lengthening of crest time of the carotid pulse 
suggests a slowing of the cardiac ejection during 
aging, a conclusion reached by Starr and associ- 
ates (6) as a result of observations with a 
ballistocardiograph. The explanation for the 
fact that crest time is longer in the peripheral 
pulse than in the central pulse has been dis- 
cussed by Hamilton and associates (3). 

Contour of rising limb pulse record.—We 
have been interested not only in the crest time 
of these pulses but also in the shape of the 
rising limb. If one measures the time required 
to reach half of the crest amplitude, then one 
obtains the following results: for carotid pulse 
the figures for the younger group averaged 
0.053 + 0.015 (table 1) and the older group 
0.056 + 0.032. In other words, in systole the 
carotid artery starts to expand rapidly in the 
younger group and continues this rapid ex- 
pansion. In the older group, the expansion also 
begins rapidly but soon slows. On the other 
hand the finger vessels of the older group ex- 
pand more slowly throughout systole. For the 
younger group, the time required for finger 
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pulse to reach half of the crest time amplitude the younger group (under 40) 4.77 + 0.62 ml./ 
was 0.067 + 0.02 and for the older group 0.099 10 ml. finger vol./min. and for the older group 
+ 0.003. The P for the difference is <0.01. In (over 50) 2.76 + 0.19 ml. 
order to see how the contour of the rising limb The crest time (foot to peak time) for the 
wie in the finger pulse changes with age one can carotid pulse was for the younger group 0.130 
mat divide the time required to reach half of the + 0.007 sec. and for the older group 0.175 
“| crest amplitude by the crest time. By expressing + 0.014 sec. For the finger pulse the crest 
002 the results in this manner, we arrive at the same times were 0.163 + 0.006 and 0.228 + 0.006 
“a values for younger and older groups, 0.41. for the younger and older age groups, respec- 
- Therefore, one can conclude that aging tends _ tively. 
sais to reduce the slope of only the last part of the In the younger group of subjects, the curves 
7 rising limb of the central pulse but slows the — representing the expansion of the carotid artery 
entire rising limb of the peripheral pulse. and finger during systole have similar contours 
Pulse velocity—By making suitable correc- although the duration of the rising limb of the 
aded tion for the time required for the pulse to travel finger pulse is longer. 
yo up the carotid rather than out the aorta and In older subjects, the expansion of the carotid 
. . subclavian, our results can be used to calculate artery during systole commences rapidly and 
Ay pulse velocity from aorta to finger. We have then slows, whereas the finger pulse shows a 
da subtracted 10% of the time difference to correct slow but rather constant expansion throughout 
oA for this factor. Realizing that the diastolic pres- systole. eens 
"134 sure should affect pulse velocity, we separated So ES 
A our subjects into those with diastolic pressures 1. Burch, G. E.: Digital Plethysmograhpy. Grune 
our ; Stratton, Inc., New York, 1954. 
under 75 mm. Hg and those over 75. Those 
und é : . ter TS om ad 2. Brandfonbrener, M.. Landowne, M., and Shock, N. 
his with diastolic pressures _ a Ms mi. W.: Changes in Cardiac Output with Age. Cir- 
pulse velocity of 9.5 + 0.36 mm. sec.; for those culation, 12: 557-566, 1955. 
h over 75 mm. the average was 10.1 + 0.21 mm. 3. Hamilton, W. F., Remington, J. W., and Dow, P.: 
: 7 sec. If one now divides the group with diastolic The Determination of the Propagation Velocity of 
~~. pressure under 75 into older and younger sub- = oo Wave. Am. J]. Physiol., 144: 
be. jects, then the velocity seems to be the same in Pyisir cng 
014. , iiusie we thawe ton tow ober 4. Landowne, M., Brandfonbrener, M., and Shock, N. 
The both groups, although we Nave ; W.: The Relation of Age to Certain Measures of 
| vations. Since these results represent the veloc- Performance of the Heart and the Circulation. 
. ~ ity over large and small vessels, they are not Circulation, 12: 557-576, 1955. 
— comparable with results reported by other 5. Simonson, E.: Photoelectric Plethysmography; 
0cl- ondiéne Methods, Normal Standards and Clinical Applica- 
ha 7 SUMMARY tions. Geriatrics, 1]: 425-433, 1956. 
the sires ' 6. Starr, L, and Hildreth, E. A.: The Effect of Aging 
eral Blood flow in the finger of subjects in a and of the Development of Disease on the Ballisto- 
dis- comfortably warm room (28 C.) averaged for cardiogram. Circulation, 5: 481-495, 1952. 
-We ae ee 
time 
the 
ired | ERRATA 
ne 
bese In table | of the paper by Alex Comfort, The 
iged Longevity and Mortality of Thoroughbred Stal- 
‘oup lions (Journal of Gertontology, vol. 14: 9-10) 
the the value of qx for 8 years of age in the right- 
the ' hand half of this table should be .0357 instead | 
re | of .3570 and the values of L, for years 8 and 9 
also | 
ther | | should be .9740 and .9392, not 1,0000 and 
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BOOK REVIEWS 


THE EFFECT OF ADVANCING AGE ON THE HU- 
MAN SPINAL CORD, by L. Raymond Morrison, with 
the collaboration of Stanley Cobb and Walter Bauer, 
published for the Commonwealth Fund by Harvard 
University Press, Cambridge, 1959, 127 pages, $6.00. 

This book presents for the first time a description 
and an atlas of the human spinal cord at different 
ages, presenting data on cords from each decade of life 
up to and including the ninth. The need for this 
study actually arose from the research of the Arthritis 
Unit at the Massachusetts General Hospital, for it 
became obvious that basic control material was needed 
for comparison with the pathological specimens. The 
book consists of two parts, Part 1 being the histological 
description of the cord in the different decades of life 
and Part 2, the Atlas, presenting topographical sections 
of the segments of the spinal cord of one individual. 
The cords discussed in Part 1 are described as from 
autopsies from cases with no neurological symptoms. 

Thirty-one cords were studied. Gross inspection was 
followed by fixation in appropriate solutions for frdzen 
sections, celloidin, or paraffin embedding (the last 
being used only for Bodian preparations). A variety 
of stains, including those for axons, myelin, fat, elastic 
tissue, and neuroglia were used. 

The cords of the second and third decades are 
described in detail rather than simply as “young” 
or “normal.” In the older of these cases some changes 
are seen, including beginning pigmentation of nerve 
cells, some chromatolysis, and slight accumulation of 
fat. The neuroglia show mild degrees of hyperplasia 
in all except an 11-year-old subject. 

Detailed descriptions of each succeeding decade 
present a rather consistent picture of accentuation of 
the changes. Even in the fifth decade the anterior 
horn cells are described as “entirely fre2 from altera- 
tions” in only | out of 6 cases. Loss of cells is indicated 
by the presence of “empty cell spaces,” occurring with- 
out glial activity. One case showed marked axonal 
reaction, with generalized chromatolysis and vacuola- 
tion of nerve cells. Perivascular fat-laden gitter cells 
are scattered through all columns of the cord at all 
levels in this decade. 

In the sixth decade slight thickening of the pia- 
arachnoid, perivascular infiltration with lymphocytes 
and plasma cells, and the appearance of corpora 
amylacea around the edges of the cord are seen. Nerve 
cell changes are accentuated. 

In the seventh decade thickening of meninges, in- 
cluding the dura, is observed. Pigment is now so 
abundant as to cause bulging and distortion of the 
nerve cells in most cases. 

In the eighth decade nerve cells of the anterior horn 
are cither shrunken or are swollen with pigment in all 
cases. Again, cell loss is seen without neuronophagia. 

It is somewhat disappointing to find only one case 
given for the ninth decade. The lipochrome pigment, 
sometimes vacuolated, is very abundant, but while 
chromatolysis is seen in some parts of the cord, the 
anterior horn cells are hyperchromatic. 

These somewhat varied descriptions of the cord, as 
the authors state in the Discussion, lead to a con- 
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clusion that “—abrupt generalizations are impossible;” 
but they also say “—a framework of order can be made 
out in which the degree of pathological variation can 
be, at least partly, correlated with advancing age.” 

The Atlas gives pictures of a “normal spinal cord” 
from a person aged 24 years, with cell counts of the 
various columns in order to give “at least an approxi- 
mation to a quantitative method for the estimation of 
the ‘dropping out of nerve cells’ in various pathological 
conditions.” 

The type of descriptive analysis given in this book 
probably will seem far from the objectivity of exact 
detail which can be obtained in some fields of science; 
yet it does constitute a very real contribution to a 
field which has been little investigated. The authors 
analysis of the cellular reactions at the end of Part | 
and the general conclusions to be drawn from them 
are particularly good. 

The bibliography, while including a number of the 
classical papers on the spinal cord, is somewhat lack- 
ing in references to the very important papers on the 
general problem of age changes in the nervous system 
of more recent times, such as those of Oskar and 
Cecile Vogt. 

WARREN ANDREW, Pu.D., M.D. 
Chairman, Department of Anatomy 
Indiana University School of Medicine 
Indianapolis 


BREAST CANCER, The Second Biennial Louisiana 
Cancer Conference, edited by Albert Segaloff, C. V. 
Mosby Co., St. Louis, 1958. 257 pages, $5.00. 

Almost any volume dealing with cancer can be 
expected to contain material of interest and relevancy 
to gerontology. In the present state of infancy of the 
latter, it is not always possible to distinguish pure 
aging phenomena from biologic processes which, al- 
though not directly senescent in origin, nevertheless 
have an important relationship to aging. Breast cancer 
is so related in several aspects which are discussed in 
this volume. Thus epidemiological data which are 
presented show, in the over-all, a progressively increas- 
ing incidence and death rate with advancing age. 
However, there are two contrasting phases in_ this 
regard; age specific rates in several major countries 
show an in¢reasing mortality from breast cancer below 
age 50 and a decreasing trend after age 50. This 
observation is consistent with numerous others on the 
relation of the biologic activity of cancer to the age 
of the patient, in that it is now recognized that cancer 
in aged individuals tends to run a more benign (pro- 
longed) course than in younger patients. Considera- 
tions regarding the response to castration and hormone 
therapy of breast cancer also relate to patient age 
in that breast cancer in the premenopausal patient 
often involves the use of castration and androgen 
therapy (estrogen is contraindicated), whereas in pa- 
tients long past the menopause estrogens are often 
employed therapeutically. 

The presentations and comments of 30 participants 
are incorporated in this volume. Included are surgeons, 
radiologists, pathologists, biochemists, endocrinologists. 
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chemotherapeutists, a psychiatrist, and an epidemiol- 
ogist. The presentation consists of two sections on 
Basic Biology, a section on Definitive Therapy (Sur- 
gical and Radiologic), and one on Hormonal Therapy. 
Each section is followed by questions and answers, so 
that to some extent the atmosphere of the original 
conference is recaptured. Within the sections the 
presentation does not always follow the section desig- 
nation. Thus in Basic Biology I there is an excellent 
presentation by Dr. Harley Shands, a psychiatrist, on 
the care of the terminally ill patient. One can readily 
understand the difficulty of the editor in properly 
placing this subject, since, in this instance, the analysis 
deals more with the attitude of the physician toward 
the terminally ill patient than with the patient’s 
disease. Similarly mistitled is Basic Biology II which 
consists, in toto, of presentations dealing with therapeu- 
tic aspects of the problem. 

It is the opinion of this reviewer that the con- 
ference contains much material of interest to the 
pathologist, radiologist, surgeon, and chemotherapeutist. 
Despite the fact that two sections bear the designation 
Basic Biology, there is only limited material of interest 
to the cancer researcher. The most intriguing report 
dealing with basic biology is that of Dr. Ian Macdonald, 
a surgeon, who discusses predeterminism in human 
cancer of the breast. He shows that histologic variants 
of favorable significance, both of ductal and lobular 
origin, amount to almost 20% of all cases and are 
largely responsible for the numerically comparable 
fraction of low malignant potential by other criteria. At 
the other extreme are histologic features of lethal 
significance, as in the so-called inflammatory or acute 
carcinomas which account for about 4% of cases. The 
remainder (approximately three-fourths of cases) for 
the most part, fall into the so-called sclerosing types, 
usually ductal in origin, which give no histologic clues 
as to biologic behavior. 

Between the lines one can read of the evident frus- 
tration of the clinical scientists, who seem to have 
reached the end of their potential for dealing with 
this problem. Thus the pathologist confesses that, 
even from a prognostic point of view, what he can 
offer is limited. The surgeon admits that, in order 
to justify the use of mutilating radical mammectomy 
and to show convincing therapeutic results, he must 
exercise great selectivity in the choice of cases. Much 
of what the radiologist and chemotherapeutist ac- 
complish is of a palliative nature. It is amply 
evident that a new approach to the problem is 
urgently needed, both from an understanding of the 
basic biology as well as therapy. 

Such new approaches are much more likely to come 
from the basic researcher than from the clinical in- 
vestigator dealing solely with the human disease. 
Much could have been gained in this conference by 
a larger representation of work going on in_ basic 
biology. There is overly much discussion of hor- 
mones in therapy, but strangely absent is a presen- 
tation and discussion of the stages of dependency 
and autonomy of hormonally produced tumors as 
shown by Furth in recent years. And one misses 
reference to the contributions of such giants in this 
field as Leo Loeb and Lacassagne. In short the 
rapport which must exist between basic and applied 
medical science is absent. Nevertheless, the volume 


contains an excellent distillation of what is currently 
known about human breast cancer as well as related 
controversial matter in the field of therapy. 
HERMAN T. BLUMENTHAL, Pu.D., M.D. 
Director 
Institute of Experimental Pathology 
The Jewish Hospital, St. Louis 


SENESCENCE ET SENILITE, by F. Bourliére. G. Doin 
et Cie., Paris, 1958, 110 pages, $2.94 (1500 French fr.). 

The leading French gerontologist, Professor Francois 
Bourli¢re, Director of the Centre de Gérontologie in 
Paris, has written this very informative booklet on 
senescence and senility. The text, although remark- 
ably concise, is full of factual details and represents an 
up-to-date survey of the subject. 

It is published in a series of monographs on therapy. 
The author has to be credited for having devoted more 
than half of it to basic scientific information. This 
implies a commendable approach to therapy which 
is not always encountered in similar publications. 

The chapters on the hygiene of aging and on the 
various therapeutic possibilities conclude this valuable 
addition to gerontologic and geriatric literature, where 
the reader will enjoy the combination of analytical 
precision and synthetical ability. 

The bibliography gives due consideration to American 
as well as to European authors. 

R. SCHAUS, M.D. 


Luxembourg 


METABOLISM OF LIPIDS, British Medical Bulletin 
(vol. 14, no. 3, Sept., 1958), Medical Department, The 
British Council, 65 Davies St., London, W. 1, pp. 
197-278, $3.25. 

This issue of the British Medical Bulletin contains 
12 papers by British scientists dealing with various 
aspects of lipid metabolism. The presentation in all 
the chapters is unusually clear and concise, and the 
expressed opinions conservative and logical. This 
collection of papers can be greatly recommended to 
research workers dealing directly or indirectly with 
problems related to lipid metabolism and the patho- 
genesis of atherosclerosis. In view of the recent rapid 
developments in this field of biochemistry, the publica- 
tion of the review is especially welcomed because it 
affords a valuable opportunity for the reader to ac- 
quaint himself with the current stage of knowledge. 

J. E. Kirk, M.D. 


St. Louis 


PROCEEDINGS OF SEMINARS; 1957-1958. DUKE 
UNIVERSITY COUNCIL ON GERONTOLOGY. E. 
Busse (Chairman), edited by F. C. Jeffers, Durham, 
N. C., 1958, 90 pages, $1.00. 

This volume contains reports of 8 research seminars 
held at Duke University under the sponsorship of the 
Duke University Council on Gerontology. The topics 
covered by guest speakers include Biological Aspects of 
Aging (A. I. Lansing), Radiation, Aging and the 
Nervous System (H. F. Harlow), Arteriosclerosis (O. J. 
Pollak), Medical Genetics (A. I. Chernoff), Learning 
(H. Kay), Social Competence (R. J. Havighurst), 
Longitudinal Studies on Retirement (G. F. Streib) and 
Gerontological Research in the Netherlands (R. J. van 
Zonneveld). Although some of the presentations deal 
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with specific research problems, the volume is valuable 
in offering the points of view of various speakers. As 
a demonstration of what can be gained from a research 
seminar approach to the complex problems of aging, 
this book must be acclaimed a success, even though the 
recorded discussion is somewhat sketchy. The book will 
serve a useful purpose for all workers in gerontology. 
N. W. SHOCK, Ph.D. 
Gerontology Branch 
National Heart Institute 
Baltimore 


THE CARE OF THE GERIATRIC PATIENT, edited 
by E. V. Cowdry, C. V. Mosby Co., St. Louis, 1958, 438 
pages, $8.00. 

Here is a small, attractive, useful book, edited by 
E. V. Cowdry. An earlier work on Problems of Aging 
by the same editor, which appeared in 1939, offered a 
summary of information principally on basic data. The 
present work of 438 pages of fact-packed information 
concentrates at the clinical level. The appearance of 
this volume is timely. 

Dr. Cowdry used the occasion of a Symposium on 
Care of the Geriatric Patient in the summer of 1955, 
under the auspices of the Los Angeles County Medical 
Society, to utilize 5 presentations of that Symposium 
as the first 5 chapters of the present volume. Fourteen 
more chapters have been added. Topics chosen for dis- 
cussion adhere to the immediate issues of the broad 
field of human aging. Each presentation is the care- 
fully reasoned résumé of a special area by an authority. 
The series of discussions, accordingly, represents a sum- 
mary of the best current clinical thinking. 

The opening chapter by Dr. Cowdry on The Physi- 
cian and the Geriatric Patient, orients the medical prac- 
titioner concerning his responsibility for medical ser- 
vice to the elderly. Cowdry emphasizes the common 
sense point of view which reveals geriatrics as the gen- 
eral practice of medicine with older patients similar to 
the practice of pediatrics with children as patients. 
The difference, however, is the absence of long years 
in the trials and tribulations of living which are the 
sum total of the older patient’s content. The formula 
for service, which Cowdry recommends, is attractive in 
many ways. Best of all, perhaps, is the rapid develop- 
ment of a new dimension dealing with the elderly 
individual. New knowledge is accumulating concerning 
the health and well-being of older individuals. 

A review of the contributors reads like a Who’s-Who 
list selected from the authorities of the field. Certain 
chapters are particularly commendable. Wilma Dona- 
hue has reviewed the Psychologic Aspects in the Man- 
agement of the Geriatric Patient in admirable fashion. 
The chapter on Surgical Aspects of Geriatric Care by 
Louis M. Orr maintains the quality of the other chap- 
ters. In his discourse on the biliary tract, a number of 
surgeons would not agree with his statement that per- 
foration of the gallbladder is as likely to occur as 
perforation of the appendix. Dr. Orr’s emphasis on 
prompt ambulation is well placed. 


Chapter 6 on Anesthesia for the Aged by Paul H. 
Lorhan is the best summary this reviewer has read. 
It is a splendid review of current thought concerning 
the management of anesthesia in the elderly patient, 
Dental care by Edward F. Allen is another highlight of 
the volume. Nursing Homes by Ollie A. Randall re. 
views the status of various types of facilities available. 
together with a listing of their shortcomings and indi- 
cations for improvement. 

The final chapter, Geriatrics Around the World, by 
J. H. Sheldon should be required reading for all medi- 
cal students. It reflects the great interest in the health, 
medical, and social problems of the elderly in other 
nations throughout the world. Unfortunately, the ma- 
jority of members of the medical and_para-medical 
professions have hardly a passing acquaintance with 
the many programs directed to improving the lot of 
the aging and the aged. Yet this broadening subject 
contains within it material of first rate importance in 
the creation of a healthier, happier later life for older 
people. 

This small, handy volume, published by Mosby, is 
highly recommended. q 

EDWARD L. BORTZ, MD. 
Philadelphia 
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Lebensdauer, Altern und Tod in der Natur und im 
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76.80, paper bound. 
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page 193). 
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paper bound. 
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THE WAIS PERFORMANCE OF AN AGED SAMPLE: 
THE RELATIONSHIP BETWEEN VERBAL AND PERFORMANCE IQs* 


CARL EISDORFER, Ph.D., EWALD W. BUSSE, M.D., AND LOUIS D. COHEN, Ph.D. 
(Department of Psychiatry, Duke University Medical Center, Durham, North Carolina) 


The Wechsler Adult Intelligence Scale 
(WAIS) standardization for older people is 
based upon data collected from Metropolitan 
Kansas City (5). The sample and the testing 
procedures have been described by Doppelt and 
Wallace (1, 2). Although 659 persons were 
contacted and 475 tested, acceptable full-scale 
tests were administered to an N of only 352. 
Since the results obtained from this sample are 
proposed (although with some hesitance) by 
Wechsler as tentative national norms and are 
thus used, it becomes necessary to test the gen- 
erality of these norms for other areas of the 
United States. 

During the three years that the Duke Geri- 
atrics Project has been functioning, intensive 
physical, social, psychiatric, and psychological 
examinations have been given to more than 200 
aged, socially-functioning volunteers. A num- 
ber of institutionalized aged have also been 
studied. Subjects for this project live in the 
Piedmont (Central) section of North Carolina 
and, for the most part, in the Durham, Chapel 
Hill, Raleigh triangle and its environs (an area 
of approximately 115 square miles). 

It was noted quite early that these subjects 
exhibited superiority of Verbal over Perform- 
ance IQs, and it was decided to investigate the 
consistency of this phenomenon. (We hope to 
publish at a later time our data on the WAIS 
Performance for our entire sample so that they 
may be compared with the Kansas City sam- 
ple). 

THE SAMPLE 

All subjects were over 60 years of age and 
residing in the community at large. Volunteers 
were obtained through retired men’s clubs, 
Golden Age societies, local industrial firms, 


* This study was carried out with the, support of the National 
Institute of Mental Health grant M900 C, Dr. Ewald W. Busse, 
Principal Investigator. 

A modified version of this paper was delivered at the sixty-fifth 
se meeting of the American Psychological Association, September, 

57. 


medical societies, radio and television broad- 
casts, and through the volunteers themselves 
who were asked to contact acquaintances. All 
over 60 years of age who volunteered were ac- 
cepted. Subjects for a special analysis were se- 
cured from the State Hospital at Butner, North 
Carolina. 

One hundred and thirty subjects were used 
in this study. Divided according to the age 
groups utilized by Wechsler, there were 23 sub- 
jects aged 60-64; 38 subjects aged 65-69; 37 
subjects aged 70-74; and 32 subjects aged 75 
and above. There were 32 mental hospital pa- 
tients in addition to these volunteers. 


PROCEDURE 

As a portion of the extensive examination 
procedure included in the Duke Project, a full 
scale test of intelligence is administered to each 
subject. (In the past this has been either the 
Wechsler Bellevue Form I [WBI] or the 
WAIS.) This test is administered during the 
first morning of a two-day examination period. 
All subjects seen from March, 1955, through 
February, 1957, who had received all subtests 
on the WAIS, were included in the present 
analysis. Only six subjects were eliminated for 
failure to complete all subtests; three because of 
uncorrected defective vision and three because 
of neurological handicaps. 

This rather low rejection rate (5 per cent as 
compared with the 25 per cent of the Kansas 
City sample) may be a function of differences 
in motivation in the respective samples. Thus, 
while subjects in Kansas City were contacted 
directly and requested to volunteer for this 
study, those in the Piedmont sample were suffi- 
ciently motivated to request examination them- 
selves. 

The examinations were administered by two 
qualified psychologists. When the patterns of 
verbal and performance results obtained by 
these psychologists were compared, no signifi- 
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cant differences between their results were 
noted (a chi-square test was applied). 

For each subject, Scaled Scores, Verbal, Per- 
formance, and Full Scale IQs were computed, 
based on the standard procedure prescribed by 
Wechsler. The variables of sex, socio-economic 
status, race, high and low intelligence, and 
mental health status were considered in this 
study. 

Sex, age, and race variables require no special 
definition. Socio-economic status was defined 
according to a dichotomy based on_ indices 
specified below. High and low intelligence 
were defined acording to a dichotomy based on 
the Full Scale IQ score, with an IQ of 100 as 
the dividing point. The mental health status 
variable, which involved the addition of 32 
elderly mental hospital patients to this study, 
distinguished between mental hospital patient 
status and functioning community volunteer 
status. 

Since the data utilized by Wechsler’s stand- 
ardization study are fitted to a normal distribu- 
tion, the expectation for the superiority of 
Verbal or Performance IQ for any subject 
should be equal: that is to say, the probability 
value for either Verbal or Performance IQ to 
be superior is .5. This made it possible to 
analyze the incidence of Verbal IQ scores 
greater than Performance IQ scores for indi- 
vidual subjects through the use of a binomial 
expansion (3). 

In order to compare further the subtest per- 
formance of the Piedmont and Kansas City 
samples, the mean of the raw scores for each 
subtest in each age group in the Piedmont sam- 
ple was calculated. This value was then com- 
pared with the Tables of “Scaled Score Equiv- 
alents of Raw Scores” for the appropriate age 
groups, which are given in the WAIS manual 
(5). (In these Tables, which are based upon 
Wechsler’s normative data, it is possible to con- 
vert a raw score into a weighted score appro- 
priate for each age group.) This procedure 
allows direct comparison with the Kansas City 
data. 

RESULTS 


Table | presents the percentage of cases in 
the Piedmont sample in which (using conven- 
tional scoring methods) the Verbal IQ score 
was higher than the Performance IQ score. 

For the Community Volunteer sample as a 
whole, Verbal IQ was higher than Performance 
IQ in 82 per cent of the cases. The probability 


level for this superiority of Verbal over Per. 
formance scores is beyond the .05 confidence 
interval as defined by the binomial expansion, 
This superiority is consistent and significant 
when the sample is divided by age, by sex, by 
race, by social class, by intelligence, and finally, 
by mental health status. 

Figure | shows the performance of the Com- 
munity Volunteer sample as a whole on each 
subtest with the results compared with the 
Kansas City norms. Perfect agreement between 
the results obtained from the Piedmont sample 
and the Kansas City sample would result in a 
straight line at the level of scaled score 10. The 
IQ scores at the right represent the mean IQs 
obtained in the usual manner, and demonstrate 
a “V” shape, with Verbal IQs higher than Per- 
formance IQs or Full Scale IQs. It is this 
superiority of Verbal to Performance score 
which is considered to be of particular interest. 
It can be seen, too, that Verbal IQ is somewhat 
higher than the norm. This may reflect a bias 
in our sample, since the sample includes thir- 


TasLe 1. Verpat IQ Scores AND PERFORMANCE 
IQ Scores FOR THE PIEDMONT SAMPLE. 


Per cent with 
Verbal IQ 
higher than 
Performance IQ* 


Community Volunteer 
Sample 
(N = 130) N 


Sos cre ewib ee eco 23 91 
NR renee oer 38 84 
ee re 37 76 
75 and above.......... 32 78 
Sex: 
Nib otigaeucwgrts 5 85 
PS cctvcicnwswe ; 65 78 
Race: 
SE A 26 77 
Oe, AEs 104 83 
| 
Socio-economic Status: | 
Dkavhneathen ens 54 | 94 
DR eiedtnpicos Sodstrees | 76 | 72 
High vs. Low IQ: 
ee 63 89 
8 eee 67 75 
Total Community 
Volunteer Sample...... ‘ 130 82 
Mental Hospital Sample... . 32 91 





Note.—IQs computed by conventional WAIS scoring method. 
*All percentages significant at .05 level or beyond. 
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teen retired college professors in the Durham- 
Chapel Hill community. 

In order to test the possibility that the re- 
sults obtained in this study are artifacts of the 
sample, the data were re-analyzed according to 
the variables cited above. Figure 2 demon- 
strates that when subjects are grouped accord- 
ing to age and then according to social class, the 
results show a consistent pattern of superiority 


AGE-SCALED SCORES IQ 
5 107 
144 106 
13 105+ 


10+ 102 + 
9. 101 + 


8+ 100+ 

7 ag + 

é 97 

— , ‘ ‘ ‘ : ; fe) _ 
INFO ARITH O.SP O.Sy 8.0. OA VER F.S 

COMP SIM VOC. PC PA PER 
VERBAL PERFORMANCE 

Fig. 1. Mean age-scaled scores for each subtest, mean 


Verbal IQ, mean Performance IQ, and Full Scale IQ 
on the WAIS for the Community Volunteer sample 
(N = 130). A score of 10 implies agreement with the 
Kansas City norms. 
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6 a 
; VERBAL PERFORMANCE 
10) r , t 1 r “1 + 1 . 1 . 1¢) t 
INFO ARITH ose Osy BO OA VER FS 
come SIM voc PC PA PERF 
Fig. 2. Mean age-scaled scores of each subtest, mean 


Verbal IQ, mean Performance IQ, and Full Scale IQ on 
the WAIS for the Community Volunteer sample ac- 
cording to socio-economic status and age. Four thou- 
sand refers to low, and 8000 to high, socio-economic 
level. A score of 10 implies agreement with the Kansas 
City norms. 


of verbal to performance scores. The criteria of 
Warner’s “Index of Status Characteristics” (4) 
(i.e., occupation, source of income, house type, 
and dwelling area) and level of education were 
used to categorize the volunteer subjects into 
the 8000 (high status) and 4000 (low status) 
socio-economic groups. Subjects in the 8000 
group were at least high school graduates. 
They were practicing or retired professionals, 
businessmen, or farmers who owned their land 
and who employed two or more full-time em- 
ployees. The 4000 group was chosen from those 
community volunteers who had only elemen- 
tary school education. They were laborers or 
tenant farmers, or they subsisted on community 
welfare funds. Women were placed in the 8000 
or 4000 group according to the data available 
on their husbands. 

The findings in Figure 2 are consistent with 
those already reported. The graph on the right 
of the figure indicates that for all of the eight 
subgroups, Verbal IQ scores are well above 
Performance IQ scores. 

Figure 3 shows the comparison between 
socially-functioning community volunteers (our 
Picdmont group) and the State Hospital sample 
(0500), both groups divided according to age. 
This figure shows the consistent superiority of 
the Verbal over the Performance subtests and 
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Fig. 3. Comparison between the Community Volun- 


teer and the Mental Hospital samples on mean age- 
scaled scores for each subtest, mean Verbal IQ, mean 
Performance IQ, and Full Scale IQs. Four thousand 
refers to low, and 8000 to high, socio-economic status; 
0500 refers to the State Hospital sample. 
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IQs. The 70-74-year-old patient group is the 
only group for which the Verbal IQ was not 
higher than the Performance IQ. 


DISCUSSION 


This study is concerned with the superiority 
of the Verbal over the Performance IQs in our 
Piedmont sample and has attempted to identify 
a number of variables which might account for 
this superiority. Our a priori assumptions led 
us to believe that differential life experiences 
would influence this relationship of scores. We 
therefore investigated certain factors which 
might be expected to contribute to different life 
experiences (i.e., sex, race, socio-economic 
status, intelligence level, and mental health 
status). No matter which of these variables we 
examined, we noted the consistent superiority 
of the Verbal over the Performance IQs. 


Our next assumption was that our Piedmont 
subjects might be a biased sample, selected so 
as to maximize the particular relationship 
noted. Examination of the selection process 
followed in this study indicates that in large 
measure the criterion influencing our selection 
was the availability of subjects. Subjects from 
the community at large were studied since we 
were interested in the normal process of aging. 
As soon as a substantial number of subjects 
were secured the population characteristics of 
Durham were studied, and subjects were solic- 
ited from among specialized groups so as to 
approximate the range of characteristics of the 
Durham census for age, sex, race, and geo- 
graphic distribution. At the time of this analy- 
sis we had not as yet reproduced the Durham 
census distribution, but we had approximated 
it. All our subjects were ambulatery volunteers 
who were sufficiently motivated to come and be 
studied for two days. In addition, the Piedmont 
subjects received what might be considered a 
reward for their efforts as subjects in the Duke 
Geriatrics Project, i.e., a full scale physical ex- 
amination (and, for those who requested it, a 
summary of the findings forwarded to the fam- 
ily physician). This motivational (and reward) 
factor may have been involved in the reduced 
rate of rejections for failure to complete all of 
the WAIS sub-tests. That is to say, the Pied- 
mont subjects may have been motivated to 
attempt all of the test items while many of the 
Kansas City subjects, lacking such motivation, 
may have “given up” when they were con- 
fronted with difficult performance items. This 
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would result in an analysis based, to some ex- 
tent, upon the results obtained from those 
Kansas City subjects who could function most 
adequately on these items. To this extent there 
is a population bias; but the extent to which 
this could influence the verbal /performance re- 
lationship is unknown. 


One group of subjects, the hospitalized elderly 
who were able to complete the WAIS, were 
non-volunteers selected in serial order. These 
subjects demonstrated the same verbal /per- 
formance relationship noted earlier. Thus the 
fact that volunteers were used did not seem to 
account for the phenomenon noted. 


We have been hard pressed to explain these 
results. There has been a suggestion that load- 
ing the sample with highly educated people 
would dispose to higher verbal than perform- 
ance scores. The verbal/performance relation- 
ship is more marked (see Table 1) for the 
higher socio-economic status group (94 per 
cent, with Verbal IQ higher than Performance 
IQ) but there are still 72 per cent of the lower 
socio-economic status group with Verbal IQ 
higher than Performance IQ. This is true, even 
though 76 of 130 subjects are in the lower 
socio-economic status category. 


It is true that the sample is limited in size, 
but it begins to approximate one half the sub- 
jects of the Kansas City standardization popu- 
lation. It was felt that the particular relation- 
ship between verbal and performance scores 
noted here was so unusual and so consistent 
that it warranted being reported. Additional 
data are being collected from our larger study 
to check these findings. 

We may conclude that, for the sample under 


consideration, the population variables usually 
associated with variations in intelligence test 


‘scores have been investigated without revealing 


inconsistency in the pattern of superiority of 
Verbal IQ to Performance IQ. It is difficult to 
interpret these results except insofar as they 
represent a sample of a different population 
from that examined in Kansas City. Our find- 
ings raise some question concerning the general- 
ity of the norms obtained from a sample of aged 
subjects from one geographic area. One impli- 
cation is that Wechsler’s data must be supple- 
mented by data drawn from various parts of 
the United States with a view toward reaffirm- 
ing or modifying the WAIS norms for persons 
aged 60 and above. 
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SUMMARY 

The WAIS standardization for older people 
was established on a Kansas City sample. The 
present report presents findings from another 
geographic region. 

The WAIS records of 130 normal volunteer 
subjects aged 60 years and above living in the 
Piedmont section of North Carolina, and of 32 
hospitalized patients. were studied for differ- 
ences between verbal and performance scores. 
The Kansas City data, which serve as the 
WAIS norms for these age groups, were used as 
the criteria. 

The Performance IQs and age-scaled scores 
were used in comparisons made for the entire 
normal sample. Further analysis with male or 
female sub-groups, white or Negro, high or low 
intelligence, better or poorer socio-economic 
status, and mental health status, revealed the 
same pattern. 


These results appear to raise some question 
about the generality of the Kansas City sample 
when used as the basis for national norms. 
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AGE AND THE EFFECT OF ANTICIPATORY SET ON ACCURACY 
OF PERCEPTION* 


GEORGE A. TALLAND, Ph.D. 
(Department of Psychiatry, Massachusetts General Hospital, Boston) 


Experimental research (6) has shown that 
the deterioration in performance which occurs 
with aging, though manifested in effector proc- 
esses, is probably the result of changes in the 
central organizing functions of the nervous sys- 
tem. The diminished speed or accuracy ob- 
served in older people working on complex 
motor tasks has been attributed (1, 3) to a 
less efficient use of anticipatory sets, which are 
central processes. Anticipatory sets or expect- 
ancies act as selective agencies in determin- 
ing the efficiency of performance in all cog- 
nitive tasks that require the sequential integra- 
tion of acts, that call for rapid response, or that 
involve uncertainty because of the possession of 
more or less ambiguous information. Failure 
to use anticipatory sets could be caused either 
by incapacity to maintain an expectancy after 
its initial application, or by inability to formu- 
late such an expectancy from the available cues. 
There is evidence (7) that, in senile dementia, 
defects in perceptual functioning can be attrib- 
uted to an inability to use cues. Both the main- 
tenance of a set and its original adoption can be 
hindered by the operation of a rival set. Persev- 
eration occurs when a set is carried beyond its 
appropriateness to the task and prevents the 
adoption of the appropriate set. Expectancies, 
however, can also interfere with the effective 
use of another set before they cease to be ap- 
propriate, e.g., when two or more sets are dis- 
junctively appropriate to the situation. For ex- 
ample, the tennis player, to return the service, 
must be ready either with forehand or back- 
hand. The anticipatory adoption of one posture 
may pay off with a resounding drive; but, if 
the ball bounces on the unexpected side, the 
player is likely to lose the point. 

The experimental study here reported was 
designed to determine whether healthy sexa- 
genarians and septuagenarians are indeed less 
efficient in (a) continued application, (b) orig- 


* This study was conducted with the help of the Harrington Fund 
of the Harvard Medical School. The author wishes to thank for their 
cooperation Mr. Hugh Cabot, director of the Age Center of New 
England Inc., Boston; Mrs. Helen F. Herson, director of the ‘‘Never 
Too Late’’ Club at the Boston Public Library; and Miss Fannie Allen, 
director of Older Adult Program at the South End Federation of 
Settlements, Boston. 
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inal formulation, and (c) alteration of antici- 
patory sets than are younger persons. The rela- 
tive capacity to alter a set was tested both under 
conditions in which one expectancy ceased to 
be appropriate and under conditions in which 
more than one set could be appropriate. 


METHOD 


The experimental group was recruited from 
members of three Boston recreational and study 
clubs for the older age group. Nine men and 
nine women volunteered to act as subjects. 
They ranged from 65 to 75 years, with a mean 
of 70. All were in good health, and, though 
most of them were retired, they were active in 
the programs of their clubs. In this respect they 
undoubtedly formed an unrepresentative sam- 
ple of their age group, biased in the direction 
of less-than-average senescence. It is also likely 
that they were unrepresentative with respect to 
past social responsibilities, experience, and in- 
tellectual standing, for most of the men and 
several of the women had been engaged in pro- 
fessional or in executive positions. Though not 
tested for IQ, all appeared to be of higher-than- 
average intelligence. Their English was fluent, 
and in each case English was their native lan- 
guage. 

The control group was biased in much the 
same directions. It consisted of 27 men and 27 
women who were members of the professional 
and clerical staff at the Massachusetts General 
Hospital or were enrolled in one of the training 
programs at that institution. Their ages ranged 
from 20 to 40, with a mean of 26.9 years. 

The effect of anticipatory sets was tested by 
presenting auditory material (single words) for 
correct vocal reproduction at the threshold of 
intelligibility. The experiment consisted of a 
pilot list and eight test lists, varying in length 
between 12 and 36 words, some or all of which 
belonged to the same conceptual category, e.g, 
names of animals. All lists and preceding in- 
structions were recorded on tapes. All were 
spoken by the same voice at a uniform level, 


except that the volume was set louder for the | 
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instructions. Silent intervals after each word 
were long enough for the subject to repeat the 
word aloud three times at the same pace. After 
the subject was seated comfortably, the experi- 
menter instructed him to repeat in a clear, loud 
voice the words he would hear spoken on the 
tape recorder, though these would be only just 
intelligible and, in some instances, barely au- 
dible. The tape itself began with this instruc- 
tion: “You will be hearing several lists of words. 
I shall read them just loud enough for you to 
hear me. Therefore you may not clearly under- 
stand every word you hear. Don’t let that dis- 
turb you. Repeat out loud every word as it 
sounds to you.” A pilot list of 24 words al- 
lowed the instrument to be set at the subject’s 
individual threshold of intelligibility, ice., at 2 
level of volume and tone at which half the 
words were repeated correctly. 


The test lists differed according to the con- 
ditions by which an expectancy was established, 
the manner in which it was confirmed, and the 
interference of a concurrent or preceding rival 
set. Expectancies can be created explicitly, e.g., 
by instructing the subject, “Now you will be 
hearing the names of animals.” They can also 
be induced implicitly, by providing cues from 
which the subject can formulate an anticipatory 
set. In the present study the implicit set was 
created by prefacing the test list of 12 food 
names with a pilot list of six other food names. 
The instruction preceding a test of implicit set 
merely stated, “Now you will hear another list 
of words.” 

A set, once adopted, can be confirmed in 
every instance, partly confirmed, or entirely 
negated. One list testing the effect of explicit 
and one testing implicit sets furnished complete 
confirmation; i.e., they consisted of 12 words 
all of which represented the same conceptual 
category (names of animals or names of food). 
Two lists testing each of these sets carried par- 
tial confirmation; i.e., they consisted of 24 
words only half of which were drawn from one 
category, while the other 12 each belonged to 
different categories. Some test lists given under 
explicit instruction were followed without break 
or warning by another list of words which were 
entirely (all 12) or partly (12 out of 24) drawn 
from one category, but a category different from 
that confirmed by the first list. The second 
lists tested the effect of a counter set, in other 
words, the interference of a set with the formu- 
lation of new expectancies. 


Lastly, two test lists followed the instruction 
of a double expectancy: “Now you will be hear- 
ing names of birds and names of parts of the 
body.” In one instance confirmation was com- 
plete, i.e., the test list consisted of 12 names of 
birds and 12 names of parts of the body. In the 
other instance confirmation was partial, i.e., 
twelve mixed words were scattered among the 
names of birds and names of body parts. In 
lists which consisted of words drawn from more 
than one category, no more than two words 
representing the same category or two mixed 
words followed in a run. 

The design required 12 lists drawn from sin- 
gle categories and five lists of mixed words. The 
categories used were names of animals (A), 
virds (B), food (F), and parts of the body (P), 
each category providing three lists empirically 
matched for intelligibility. Names of animals 
were used to test single sets with complete con- 
firmation; names of food, for single sets with 
partial confirmation; names of birds and names 
of parts of the body furnished double sets with 
both complete and partial confirmation. Each 
of the latter two also provided the single set in- 
terfering with the formulation of another set. 
Three tapes were recorded so that the same list 
of words appeared under different conditions of 
expectancy on each. The design of the experi- 
ment is set out in Table 1. Six experimental 
and 18 control subjects were tested on each of 
the three tapes. The tapes were divided into 
three sections of about equal length, as shown 
by the broken lines. To balance possible effects 
of fatigue, habituation, or test sophistication, a 














Tasie |. ExperRiMENTAL DeEsIGN. 

Tape I Tape Il Tape Ill 
Ai Az As 
BiXs*FiXi B2X4* F2X2 BaX4* FsX3 
FsXs FiXs F2X2 
BsPsXs BiPiXs “BeP2Xs 
As Ai Az 
B2P2 BaPs BiP; 
F2X2 F3X3 FiXi 
P,*Az Pe*As Ps*Ai 





Note.—A, B, P, and F symbolize the four classes of names, X the 
mixed words; subscripts stand for the number of the lists within 
each class (first, second, etc.); a line above a letter (e.g., F) indi- 
cates an explicit set, a dot (e.g., A) an implicit set, an asterisk (e.g., 
P*A) the introduction of a list to which the previously-established 
expectancy is no longer appropriate. 








204 


third of the subjects assigned to each tape 
started with a different section. 

Performance was scored under four headings: 
correct report; assimilation, or number of in- 
correct words congruent with an expectancy in 
operation (“hand” for “head”; or, as in the 
double expectancy situation, “toe” for “crow’’); 
other incorrect words; no response. Differences 
between the mean number of correct reports by 
the two groups were tested by ¢ ratio or, if 
variances were heterogeneous, by the Mosteller 
and Bush version of the Mann-Whitney test 
(2). which gives normal deviates (z scores). 
Probability of less than 1 per cent was taken as 
a statistical measure of significance. 


RESULTS 


The relative effect of one type of set or mode 
of confirmation was the same in both age 
groups. Whether confirmation was complete or 
partial, correct responses for explicit set and for 
the type of implicit set provided for by the ex- 
periment were not significantly different. Both 
explicit and implicit set made for significantly 
more correct responses than occurred when the 
test followed a previously confirmed and now 
inappropriate expectancy. With complete and 
partial confirmation alike, the scores were sig- 
nificantly lower under a double than under a 
single set. Under identical conditions of test- 
ing, names of parts of body were neither more 
nor less intelligible than those of animals or 
birds, and the latter were no different from 
names of food. Any list of twelve words drawn 
from one category gave a significantly higher 
mean score than the associated twelve mixed 
words, with the one exception of the test under 
conditions of counter sets. In the control group 
this difference was significantly large. How- 
ever, both groups were alike in that correct 
reports congruent with the minor or less effec- 
tive of two paired sets were still significantly 
higher than those for the associated mixed 
words. 

Table 2 shows that, except in the case of the 
names of foods presented with partial confir- 
mation and implicit single set, the control sub- 
jects reported more words correctly, no matter 
what the conditions of set and confirmation. 
However, the differences were significant only 
for either a double set or a counter set. Under 
those conditions the experimental group re- 
ported significantly fewer names correctly in 
accordance with either of the concurrent ex- 
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pectancies, for classified or for the accompany- 
ing mixed words. 


In assimilation the two groups did not differ | 


significantly in any of the test lists, and the 
ratio of errors of this type to all errors was 
exactly the same for both, .122. Assimilation 
formed a much larger proportion of errors made 
by incorrect response for the experimental 
group than for the control group, because the 
older persons were more inclined not to respond 
at all rather than risk an error. The mean 
ratio of no-response to total error was .73 for 
the experimental group, and .49 for the con- 
trol group; and the t ratio for the difference is 
4.90 (p < .01). Thus a difference in readiness 
to cope with uncertainty differentiated the two 
groups. 
DISCUSSION 

Under the conditions of this experiment, ag- 
ing appeared not to diminish a person’s capac- 
ity to maintain a single anticipatory set or to 
adopt an appropriate expectancy from the avail- 
able cues. 
studied differ in their dependence on consistent 
confirmation of their expectancies. For both 
alike, partial confirmation was as effective in 
maintaining a set as was complete confirmation. 
While the consistently lower scores of the ex- 





Neither did the two age groups | 


eee 





perimental group might suggest that the abso- | 


lute facilitating effect of expectancies decreases 
with age, their relative effect certainly does not 
uphold that conclusion. Both groups reported 
correctly more of the classified names than of 


the associated mixed words, even though the | 


latter were not inherently less intelligible (4); | 


and in each of the five instances the difference 
was larger, though not significantly so, in the 
experimental group. Therefore this experiment 
does not justify the opinion that older persons 
in general are more dependent than are younger 
persons On appropriate anticipatory sets for ac- 
curate performance. 

Significant differences were found between 
the two groups in tests which involved a shift- 
ing from one set to another, either in rapid 
alteration or by abandoning an expectancy 
which was no longer appropriate in favor of 
another. It is questionable whether the relative 
deficiency observed in the older age group 


should be attributed to perseveration. Such a _ 
conclusion would no doubt suggest that one set | 


prevailed at the expense of the other. This, 
however, was not the case. In both tests with 
a double set, the number of words reported cor- 
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TaBLeE 2. Mean Correct Response ON Test Lists, AND ASSIMILATION AS PROPORTION OF TOTAL ERROR. 











Ratio of Assimilated 





Errors to Total Errors 








Correct Responses | 
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| ( Scores) | 






































| 
| 
List and Mode of Presentation | Experimental Group Control Group t Ratio - 
Experi- | 
mental Control 
| Mean Score | _ S. D. Mean Score | —_&. D. Group Group 
| | | 
Classified Words 
| | 
Explicit single set: 7” 
fs 8.61 1.61 9.24 1.35 1.62 230 174 
Complete confirmation. . . = | } 
lp | 9.00 1.28 9.54 1.51 1.35 -296 | -323 
| 
pp | 8.28 1.84 9.37 1.58 2.39 | 119 140 
Partial confirmation. . . . oe J | 
lr | 7.89 2.24 8.52 1.82 1.12 | .149 -188 
Implicit single set: > | 
Complete confirmation A | 7.89 1.90 8.55 1.74 1.35 |  .108 -183 
' 4 
Partial confirmation. . . ; F | 8.44 2.12 8.17 2.26 | 44 | -281 106 
Explicit double set: - | | | 
ss | 6.39 2.12 8.17 1.48 | 2 =3.00* -089 ll 
Complete confirmation............. o a 
(P | 6.00 3.14 8.06 1.87 | 9 =2.41* -139 -183 
a y Be 
B 5.61 2.43 7.78 2.06 | 3.47* | -052 128 
Partial confirmation.................. - | | 
ip | 6.17 1.79 7.46 | 1.87 2.87° | .088 | .118 
Counter set: | | 
Complete confirmation... . . = 7 4.67 2.83 7.02 3.22 | 2.73* | -121 249 
Partial confirmation. ........ ; *F 4.67 j 3.50 | 7.02 | 2.46 3.09% | .023 | -082 
| 
= ( ae, Se oe | —— 2 » _. a ” 
Mixed Words 
| | | | | 
x. | 2.11 2.24 3.65 | 2.46 2.30 -084 | -169 
( B | | | 
With explicit set. . ‘ | | 
)x. 3 3.05 3.78 2.26 1.14 092 | 157 
F | | 
With implicit set c.| # 2.67 480 | 2 | 118 | 07 | 118 
F | | } 
With counter set.............. x 2. 2.62 5.55 | 1.71 =| 5.58* 035 | ~~ .082 
*F 
With double set . : x 2.94 2.56 5.48 | 2.10 | 4.10* 166 071 
BP | 

















* Difference is significant with p<.0l. 


rectly with either set was larger than on any 
list of mixed words. This remains true when we 
take the experimental group’s mean score on 
the less effective of the two joint sets. 

In a study with patients suffering from Kor- 
sakoff’s psychosis, in which a method very simi- 
lar to that of the present experiment was used, 
Talland and Miller (5) also found that tasks 
requiring a double set differentiated experimen- 
tal and control groups. However, those patients 
could effectively maintain only one of the two 
sets, their reports in accordance with the minor 
set being no better than that for mixed words. 


In this respect the experimental group of the 
present study did not differ from the control 
group; though the margin between correct re- 
ports congruent with the major and minor sets 
were wider in the older age group, the differ- 
ences were not significant. 

Neither did the assimilation data furnish evi- 
dence for the operation of a prepotent set or 
perseveration. In the tests with a double set, 
incidences of assimilation were evenly divided 
between the major and the minor set. Likewise, 
in the tests with a counter set, the few instances 
of assimilation were about equally split between 
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words with the first and with the second list of 
names. 

An experiment (4) which served as a control 
for the present study suggested that anticipa- 
tory sets may operate as inhibitory rather than 
facilitating processes, by raising the thresholds 
for information that is not congruent with an 
expectancy. The differential performances of 
the two age groups here compared agree with 
that reasoning, and they would allow for its 
extension so as to attribute the effect of aging 
to an increase of this inhibitory potential. Only 
with a double set or a counter set did the ex- 
perimental group correctly report significantly 
fewer of both classified and mixed words. This 
finding is consistent with an explanation that 
the differences between the two age groups re- 
sult from an inhibitory effect rather than from 
a prolonged persistence of some active tendency. 

It would thus appear that vigorous scanning 
or, at the observational level, flexibility in cop- 
ing with alternative solutions or with conflicts 
between anticipation and event, deteriorates 
with age in the perceptual as well as in the 
motor processes. “Set rigidity” may perhaps 
describe most accurately the performance char- 
acteristic of the older age group, indicating 
a diminished capacity to change attitudes; but 
this set rigidity does not necessarily indicate 
perseveration. On the other hand, the results 
of this experiment should not be construed as 
d-monstrating the absence of perseveration in 
the older age groups. The experiment was not 
designed to test the presence or absence of 
perseveration. Unlike disjunctive motor-reac- 
tion tasks, it did not limit the subject’s response 
to a choice between a word from one class and 
from another; the subject could respond with 
any word he pleased or he could remain silent 
altogether. 

One of the incidental findings of this study 
was the much stronger tendency shown by the 
older age group to keep silent rather than to 
give a wrong answer. Since the experimental 
conditions and instructions were the same for 
both groups, this difference can best be ex- 
plained by attributing greater cautiousness to 
the older subjects. Doing so, however, need 
imply no generalization to a personality trait. 
Older people are indeed likely to be more 
cautious, thus offsetting precisely those dis- 
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advantages which occur with set rigidity. On 
the other hand, members of the experimental 
group in this study may merely have adopted 
a different attitude toward the testing situa- 
tion from the attitude taken by the control 
subjects. After all, the experiment was de- 
signed to deceive the subjects. In some instances 
the words presented were congruent with that 
which the subjects had been led to expect; in 
other instances, the words sounded very differ- 
ent from that which they should have been, 
according to the instruction. Quite possibly the 
older subjects interpreted the experiment as a 
test of their sensory capacities, or for some other 
reason, were more anxious to avoid making mis- 
takes. This attitude may account for their over- 
all lower scores of correct response; but it does 
not account for the differential effects between 
single and double, direct and counter sets, 
which distinguished their performance from 
that of the control group. 


SUMMARY 


A group of men and women in the age range 
of 65-75 years was compared with a group aged 
20-40 on a test of auditory perception. Lists 
of words were presented from a tape at each 
subject’s threshold level of intelligibility, and 
his task was to repeat the words as he had 
heard them. Correct perception was facilitated 
by the operation of anticipatory sets, insofar as 
some of the words were drawn from the same 
conceptual category. No significant difference 
was found between the two groups in the facil- 
itating effect of sets if all or part of the test 
words were drawn from one category. The 
effect of expectancy was reduced for the older 
age group if the test words could belong to 
either of two categories. The older age group 
was as capable as the younger in formulating 
an appropriate expectancy from cues provided, 
but less efficient than the younger if this formu- 
lation had to be made at the expense of another 
set which had previously been appropriate. 
However, the facilitating effect of an anticipa- 
tory set was in evidence under all test condi- 
tions in both groups. The findings are consid- 
ered to be consistent with a view that changes 
in central inhibitory processes characterize nor- 
mal aging and these changes are manifested in 
an increased set rigidity in cognitive as well as 
in motor performance. 
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CROSS-SECTIONAL METHODS IN THE STUDY OF 
PSYCHOLOGICAL ASPECTS OF AGING 


K. WARNER SCHAIE, Ph.D. 
(Department of Psychology, University of Nebraska, Lincoln) 


Great emphasis has been placed upon the 
desirability of longitudinal studies in the field 
of adult behavior (1). This is not the place to 
examine fully the many problems inherent in 
the longitudinal approach. It should be pointed 
out, however, that while it is of great impor- 
tance in the study of the single case, the longi- 
tudinal approach is in principle not amenable 
to some of the requirements of the experimental 
method. It is the cross-sectional approach 
which, in studying any postulated relationship, 
enables one to vary the antecedent conditions 
at will by successively utilizing new and differ- 
ent samples—samples in which additional vari- 
ables may be controlled as such variables be- 
come apparent at successive stages in the 
research. 

For purposes of immediate prediction and 
control the cross-sectional method seems to be 
the appropriate one. Even if there were ways 
of assessing the effect of attrition upon a longi- 
tudinal sample, the fact remains that none of 
the major longitudinal studies (2, 5) have yet 
covered an adequate enough portion of the 
adult age span on which to base generalizations 
regarding the aging process. There is immedi- 
ate need for data concerning intellectual and 
personality changes in an adult population for 


whom few or no genetic records are available. . 


It is the purpose of this paper therefore to re- 
examine some of the pitfalls of the cross-sec- 
tional approach and to propose certain useful 
methods in coping with them. Some of the 
findings of a major cross-sectional study (7) 
will be used for illustration. 


PROBLEMS AND PROCEDURES 


Among the most serious criticisms of the 
cross-sectional method for studying the effects 
of age has been the contention that it is ex- 
tremely difficult to secure comparable samples 
of the population at different age levels. Some 
writers (4,5) have argued that one might mis- 
take cultural changes for effects of aging. This 
sampling problem has been discussed by Dennis 
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(3), Shock (8), and Strother, Schaie, and Horst 
(9). 

One concern is with differences in educa- 
tional background within the sample. It is held 
that, due to increased educational opportunities, 
the younger groups will have an advantage in 
most pencil and paper tests over the older 
groups. The younger groups also may have an 
advantage in novel test situations because their 
better education has given them experience in 
a wider range of situations. 

A second concern is with the effect of differ- 
ing ranges of talent. Some investigators, while 
successful in obtaining reasonably broad sam- 
ples of younger groups, rely on rather restricted 
sources for their middle-aged and older sub- 
jects. Other investigators report that, due to 
the strange and emotionally threatening aspects 
of psychological testing, their older volunteer 
subjects tend to represent more restricted ranges 
of talent and personality characteristics than do 
their younger. Most evidence which might bear 
on this restriction of range, however, is reported 
in anecdotal or grossly descriptive form without 
attempt at formal evaluation of the extent to 
which this factor does or does not invalidate the 
principal findings of a given study. 


While some of these criticisms are specific to 
studies of aging, the problem of drawing valid 
group comparisons when differential selection 
factors may be operating is a problem in most 
studies using volunteer subjects. The general- 
izations made from any study are necessarily 
limited by the extent to which the sample 
replicates the composition of the general popu- 
lation. When volunteer subjects are used, such 
replication is often in doubt. Although census 
type sampling procedures might be more appro- 
priate than volunteer types, they are expensive 
and lie beyond the scope of the average investi- 
gator. A reasonable and frequent compromise 
consists of an experimental design requiring a 
given quota of subjects stratified with respect to 
one or more crucial characteristics. A random 
sampling procedure is then used within each of 
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CROSS-SECTIONAL METHODS IN AGING STUDIES 


the major stratifications to provide adequate 
sampling with respect to other uncontrolled 
variables. 

Such a design is characteristic of cross-sec- 
tional studies of age changes (2, 6). Stratifica- 
tion is in terms of age, and random selcction is 
attempted with respect to other variables. The 
assumption is then made that any change on 
the measurement variable may be attributed to 
a function of “aging.” Whether this assump- 
tion is at all tenable depends largely on how 
successful the random selections within the age 
strata have been in yielding comparable groups. 
The likelihood of such success is often, in turn, 
a function of the size and nature of the parent 
universe from which prospective subjects have 
been drawn. 

A critical examination of the particular sam- 
pling procedure employed is therefore in order 
in evaluating any cross-sectional study. It is 
necessary to define precisely the nature of the 
sampling universe from which subjects are 
drawn, to describe the relation of this universe 
to the general population, and to describe how 
accurately this universe is replicated by the 
final sample of subjects. 


If there is reasonable satisfaction at this step 
one may then return to the problems presented 
by the lack of comparability of the population 
attributes among the various age levels within 
the sample. First of all it is necessary here to 
specify the relevant attributes which could in- 
troduce confounding artifacts. Next, informa- 
tion regarding these attributes must be gathered 
for each subject. A formal analysis must be 
conducted to test the hypothesis that there are 
indeed sub-group differences on these relevant 
attributes. If significant differences are found 
it becomes necessary to re-evaluate the findings 
with respect to age change. Analysis of covari- 
ance would usually be the most appropriate 
procedure for such re-evaluation. 


To obtain maximally valid results from a 
cross-sectional study of aging, then, the pro- 
cedures may be summarized as follows: 

1. The sampling universe from which subjects are to be 
recruited must be clearly defined: 

a. some of its population attributes should be known; 

b. it should be large enouzh to permit random 

sampling; 

¢. motivation should be relatively equal for most of 

its members; 

d. it should be representative of a larger population 

(if generalization is important). 
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2. Population attributes which may confound the effects 
of aging must be specified. (These attributes will 
generally include socio-economic variables such as 
education, income, and occupation). 


Ww 


. Information on these attributes is collected on all 
experimental subjects. 

4. The hypothesis that there are differences in these 

attributes between age groups is tested. 


uw 


. The analysis of covariance is used to test the effect 
of any significant factors (found in step 4) in re- 
evaluating the main findings of the study. 


AN EXAMPLE 


An application of these procedures is to be 
seen in a recent study of the relationship be- 
tween rigidity-flexibility and intelligence over 
the age span 20 to 70 (7). This was a cross- 
sectional study of volunteer subjects in which 
the stratified-random sampling technique was 
used. The universe was stratified by age (and 
by sex, by assigning an equal number of men 
and women to each stratum) and random 
selection was made within each stratum with 
respect to other variables. One of the findings 
in this study was the significant decline of in- 
tellectual functioning with age as measured by 
Thurstone’s Primary Mental Abilities Test 
(10). The present paper will test the hypothe- 
sis that this finding was an artifact of the cross- 
sectional method. 


Sampling Procedure 


The methods used to obtain subjects for 
the study to be described are believed to be 
a good example of how data on human sub- 
jects may be obtained effectively and inexpen- 
sively by community-oriented cooperative re- 
search methods. The methods also provided 
for maximum motivation of participants with- 
out resorting to motivating devices which are 
artificial or in bad taste. 


It was possible to obtain the cooperation of 
the Group Health Cooperative of Puget Sound 
(Seattle), a non-profit pre-paid medical plan 
based on group practice and covering about 
40,000 individuals. The administrators were in- 
terested in obtaining data on the attitudes of 
members toward the services provided, but they 
lacked funds and facilities to engage in a sur- 
vey of their own. A cooperative research project 
was agreed upon for which the Group Health 
Cooperative placed their membership lists at the 
disposal of the investigator and provided the 
motivating appeal for volunteer participation. 
The investigator in return collected, in addition 
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to his own data, the survey data desired by the 
medical administrators. 

The appeal to the sample of prospective vol- 
unteers was made in terms of their interest in 
improving the medical services made available 
to them. While no information was given 
about the tests to be administered, it was in- 
dicated that a variety of personal information 
was to be collected for research purposes. (It is 
felt that this approach secured a wider range of 
subjects within the final sample than would 
have been obtained had the prospective sub- 
jects been solicited for the specific purpose of 
taking psychological tests. This method would 
also appear acceptable from a public relations 
point of view, since no more than one or two 
hostile responses were encountered during re- 
cruitment. ) 

It has often been observed that the likelihood 
of obtaining volunteers may be a function of 
the difficulty involved in their participating. To 
obtain a good cross-section of urban and sub- 
urban populations, testing locations were estab- 
lished in widely dispersed but easily accessible 
public school facilities throughout King County 
(the geographic limits of the group health 
plan). Prospective volunteers selected locations 
and times convenient to them, and returned 
this information on a prepaid postal card in- 
cluded in the contact letter. (This procedure 
was expected to minimize the effect of area of 
residence in biasing the sample.) 

All potential subjects returning favorable re- 
plies were then contacted by telephone, and 
specific appointments for group testing sessions 
were made. Subjects were contacted in the 
order in which their replies were received until 
the desired quota for each age stratum was 
slightly over-subscribed. More subjects were 
actually tested than were required by the ex- 
perimental design. (This allowed amply for 
the incidental “spoilage” which is inevitable in 
group testing situations. ) 

Drawing a stratified sample. The original 
design of the study called for 12 groups of 50 
subjects (half men and half women), one group 
at each five-year age interval from 16 to 75. 
The ratio of potential to actually participating 
volunteers was assumed provisionally to be 1 to 
5; i.e., it was felt that for each subject to be 
tested, five would have to be contacted. There- 
fore, the names of 250 potential subjects at each 
age interval, or a total of 3,000 names, were to 
be obtained. 
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The Group Health Cooperative consisted oj 


about 40,000 persons. This number was rp.) 
duced to a pool of approximately 18,000 poten.) 
» conflicti 


tial subjects by eliminating children under |f 
years of age and all persons who were covered 
by group contracts and whose individual ad. 
dresses were not available. While the tot 
membership of the Group Health Cooperative 
was found to be quite representative on socio- 
economic indices of the urban and suburban 
population of the State of Washington (as com. | 
pared to the 1950 census data), the deletion of | 
group-contract members led to a depletion of 
potential subjects at lower social class levels 
The remaining pool of subjects is therefore pri- 
marily drawn from the middle classes, including 
the upper levels of the working class, but does 
not draw appreciably from the lower working 
class or the upper class of American society. 





Individual IBM cards giving name, sex, and 
age for each subject were available, and thes 
cards were sorted by year of birth and sex. 
Cards for 25 men and 25 women for each year 
of birth from 1880 to 1939 were then with- 
drawn by re-sorting and removing every card 
in the “0” pocket of the card-sorter until the 
necessary number was reached, starting alter- 
nately at the beginning and at the end of the 





alphabet.' After those persons who no longer 
lived within the King County area had been 
eliminated, a sample of 2,818 potential subjects 
remained. 

In response to the request for participation 
sent to the 2,818 persons, positive replies were 
received from 451 men and 459 women. (This 
represents a positive response of 32.3 per cent.) 
Table 1 shows the age and sex distribution of 
the sample of contacts and the frequencies ol 
positive responses. Marked age as well as sex 
differences in the frequencies of volunteer par- 
ticipation were found, with peak participation 
for both men and women occurring in the age 
group 36 to 40. (The implications for cross- 
sectional studies are obvious—to obtain speci- 
fied samples of volunteers, the investigator 
should use different sampling ratios at different 
age periods. 

” SDuring this operation it was found that there were not enough po- 
tential subjects in the 71 to 75 year bracket available to fill the desired 


quota. All available names were retained, but when it became evident 
later that there was no satisfactory sample for this age group it was 


dropped from the design. It was also subsequently found that volun- 


teer response in the 16 to 20 year old group was insufficient, and 
this group was also dropped. he description of the final sample 
will therefore cover the range 20 to 70 years of age. Analyses of the 
relationship of the population of contacts to the sampling universe, 
< - will include data on all twelve groups from 16 to 75 years 
of age. 
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CROSS-SECTIONAL METHODS IN AGING STUDIES 


From the pool of 910 voluntecrs it was pos- 
sible to make testing appointments for about 
600 people. The attrition may be explained by 
conflicting schedules, participants failing to 
keep appointments, and other miscellaneous 
problems. After removing faulty or incomplete 
test records and after dropping the individuals 
from the youngest and oldest age groups, com- 
plete records were available on a sample of 500 
individuals ranging in age from 20 to 70 years. 
These were divided into 10 five-year intervals, 
each containing 25 men and 25 women. The 
final sample closely replicated the population 
of contacts, suggesting that the sampling design 
and methods of obtaining subjects were satis- 
factory in obtaining the stratified sample desir- 
able for a cross-sectional study. It would also 
appear that the use of the | to 5 ratio of poten- 
tial volunteers to obtained subjects was reason- 
able and realistic. 


Attributes of the Sample 


The attributes which are generally consid- 
ered likely to produce artifacts in studies of 
aging are mostly socio-economic. For the pres- 
ent study they included: education, income, oc- 
cupation, marital status, family size, and mobil- 
ity (as assessed by measures of residential sta- 
bility, job mobility, and occupational mobility). 
This information was collected at the same time 
as the experimental data. The most relevant 
measures appear to be the ones on occupation, 
total family income, and years of education 
completed. Table 2 gives the mean and stand- 
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ard deviation for each age group on these vari- 
ables. 

Education. Of the total sample, 11 per cent 
had no more than a grade school education, 
42.4 per cent had attended or completed high 
school, 32.6 per cent had attended or graduated 
from college, and 14 per cent had done some 
post-graduate work in addition to their college 
education. The mean number of years of edu- 
cation was 12.7 for the male and 13.0 for the 
female subjects. In terms of age differences, 
mean number of years of schooling varied from 
11.0 years for the 61- to 65-year-old group to 
14.1 years for the 25- to 30-year-old group. 
These differences are significant and, since they 
compare closely with those reported in the gen- 
eral census data, seem to reflect the increased 
educational opportunities available for all 
younger people rather than differences in the 
population from which the subjects were ob- 
tained. 

Occupational level. All subjects were rated 
as to occupational level on a scale ranging from 
0 (unskilled laborer) to 9 (professional), using 
the major classifications employed by the U. S. 
Bureau of the Census. Where the occupation 
“housewife” was given, the occupational rating 
of the husband was used. College students were 
arbitrarily rated 7 (managerial and proprietors) 
and graduate students were assigned to level 8 
(semi-professional ). 

According to this classification, the sample 
contains 1.2 per cent unskilled laborers, 0.8 per 
cent employed in domestic service, 3.6 per cent 
































Taste 1. AGE AND SEx DisTRIBUTION OF THE TOTAL POTENTIAL SAMPLE; AND FREQUENCY OF POTENTIAL SUBJECTS 
WHO VOLUNTEERED. 
" No. of Contacts Per Cent of Contacts 
No. of Contacts who Volunteered who Volunteered 

Age Group ae sae, Cpe Th arene.” Ss Se, ee we eee! i 2 7 
Male Female | Total Male Female Total Male Female Total 
16 - 20 116 124 240 19 33 52 16.4 26.6 21.7 
21-25 117 123 240 23 36 59 19.6 29.3 24.7 
26 - 30 121 116 237 35 43 78 28.9 37.1 33.0 
31 - 35 122 122 244 46 41 87 37.6 33.6 36.0 
36 - 40 123 120 243 54 46 100 43.8 38.3 41.0 
41 - 45 129 126 255 42 45 87 32.6 35.7 34.2 
46 - 50 123 117 240 49 41 90 39.8 35.0 37.5 
51 - 55 126 116 242 47 36 83 37.3 31.0 34.3 
56 - 60 118 116 234 33 38 71 27.9 32.8 30.4 
61 - 65 119 113 232 39 40 79 32.7 35.4 34.0 
66 - 70 145 132 277 39 43 82 26.9 32.6 29.7 
71-75 69 65 134 25 17 42 36.3 26.2 31.3 
Totai 1428 1390 2818 451 459 910 31.6 33.0 32.3 
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operatives, 5 per cent in the service occupations, 
5.8 per cent in the protective services, 13.6 per 
cent skilled craftsmen, 31 per cent in sales or 
clerical work, 16.3 per cent at the managerial 
or proprietory level, 15.2 per cent engaged in 
semi-professional, and 5.2 per cent in profes- 
sional occupations. 

The mean occupational level for different age 
groups varies only slightly, from 5.2 to 6.4. The 
age differences show a systematic trend, with 
age groups over 50 having the lower average 
levels. (This may indicate a tendency for 
older people to gravitate towards lower-level 
jobs whenever job change is inevitable.) 

Income level. All subjects were asked to in- 
dicate their total family income by checking a 
six-step scale divided into intervals of $2,000 
and ranging from “below $2,000” to “above 
$10,000.” On this scale, 6.6 per cent of the 
sample indicated total family income “below 
$2,000.” The proportions at successive income 
levels were: 18.8 per cent, 41.8, 18.2, 10.4, and, 
at the “above $10,000,” 4.2. As expected, age 
differences were found in income level, with 
mean income dropping off after age 50 and de- 
creasing steadily thereafter. The mean income 
level for the entire group was found to be 3.2, 
which would be equivalent to a total annual 
family income of about $4,500. 

Marital status and family size. Since the par- 
ent pool of subjects were primarily members of 
a family medical plan, most of the subjects (ex- 
cept for the youngest age group) were married. 
There is a sprinkling of single, widowed, and 
divorced persons throughout. Of the total sam- 
ple, 6.6 per cent are single, 83 per cent are 
married, 2.6 per cent divorced, and 5.8 per cent 
have been widowed. The distributions by mari- 


TABLE 2. Soclo—ECONOMIC CHARACTERISTICS OF THE 
SampLe (N = 500). 














Years of | Occupational Income 
Education Level Level 
Age j 

zis | x z x z 
20-25 13.0 2.26 6.3 1.38 2.7 1.11 
26-30 14.1 2.40 6.4 1.33 3.3 0.79 
31-35 13.9 2.60 6.1 1.70 3.6 1.04 
36-40 13.5 3.00 6.2 1.68 3.9 1.13 
41-45 13.5 2.60 6.1 1.82 3.6 1.06 
46-50 13.7 2.95 6.4 1.73 3.9 0.99 
51-55 12.6 3.55 5.8 2.08 3.4 1.13 
56-60 12.1 2.92 5.7 1.69 2.7 1.03 
61-65 11.0 3.71 5.5 1.89 2.6 1.04 
66-70 11.1 3.18 5.2 2.15 2.2 1.09 
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tal status were approximately the same for the 
age groups except for the youngest group, where 
there is a high incidence of single people, and 
the oldest groups, where evidence is found of 
family dissolution through the death of one of 
the partners. 

Data on family size show a wide range from 
no children to 10 children, and also show some 
age variation which seems to reflect the eco- 
nomic climate at the time when members of 
each specific age group were at their maximum 
fecundity period. The average subject has two 
children, with 21.8 per cent of the group having 
no children, 44.6 per cent having one or two 
children, 29 per cent having three or four chil- 
dren, and 4.6 per cent having five or more chil- 
dren. 

Measures of mobility. It is often important to 
know whether the sample replicates the stable 
portion of the community, particularly if one is 
concerned with follow-up studies at a later 
time. To yield some information on this prob- 
lem three measures were selected: 1) frequency 
of change in living quarters during the past five 
years; 2) number of job changes during the past 
five years; and 3) number of different types of 
jobs or professions held during the past five 
years. 

On frequency of residential change rather 
marked mobility is shown for the younger age 
groups with increasingly lessened mobility for 
the older subjects. The subjects changed their 
residence on the average once during the past 
five years. But 56 per cent of the population 
made no change at all, 21.4 per cent moved 
once, 7.8 per cent twice, 7 per cent three times 
4.2 per cent four times, and 7.8 per cent moved 
five times or more during this period. 

The next measure of mobility is the frequency 
of employment changes. The mean number of 
employment changes turns out to be 0.6 for the 
group as a whole. Seventy per cent of the group 
apparently retained the same job they held five 
years ago, 14 per cent changed once, 6.2 pet 
cent twice, and 9.8 per cent three times 0 
more. Consistent age differences are shown t0 
exist, with job mobility decreasing until abou! 
the fifth decade, at which time a plateau seem! 
to be reached. 

The final measure of mobility was the nun 
ber of different job classifications or profession¢! 
specialities the subject held during the past five 
years. The average member of the group has 
held 1.2 different occupations during the pas! 
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five years. Of the total sample, 84.6 per cent 
have continued in the same occupation or pro- 
fession, 11.2 per cent have made one change, 
and 4.2 per cent have made two or more occu- 
pation changes. As with the frequency of job 
changes, occupational mobility appears to be 
characteristic only for the early portion of 
adulthood, almost no mobility being present 
after the fourth decade. 


TEST OF THE PRINCIPAL HYPOTHESIS 


At this point the question may be asked 
whether the information about sample charac- 
teristics has any bearing on the validity of the 
observed age changes on the Primary Mental 
Abilities Test. Table 3 summarizes the results 
of the analysis of variance testing the signif- 
icance of the differences between age groups on 
the PMA subtests. In every instance the null 
hypothesis has to be rejected at or beyond the 
1 per cent level of confidence. These are the 
findings which are now to be evaluated. 


An analysis of the data in the previous sec- 
tion of this paper leads to the conclusion that 
there are indecd siznificant differences between 
age levels on the socio-economic attributes of 
education, income, and occupation. The meas- 
ures of marital status and family size, however, 
do not seem to vary in direct relation with age. 
Measures of mobility are age-related, but age 
gradients on these measures reach a plateau in 
the forties (at the point where changes in in- 
tellectual functioning are generally shown to 
become significant). It is apparent, therefore, 
that the first three variables are the proper ones 
to be used for a test of the hypothesis that 
findings regarding age changes in intellectual 
functioning are artifacts of the sampling pro- 
cedure. 


TaBLE 3. RESULTS OF THE ANALYSIS OF VARIANCE TEST- 
ING THE SIGNIFICANCE OF THE DIFFERENCES BETWEEN AGE 
Groups ON THE Primary MENTAL ABILITIES TEST. 














| | 
| } 
Between- | Within- } PF 
Variable group group ratio® 
variance variance 
Verbal-meaning| 1,202.55 | 79.91 | 15.05 
Space 1220.22 | 111 | 18.69 
Reasoning 1,603.27 72.61 22.08 
Number 448.70 93.05 | 4.78 
Word-fluency 517.37 92.61 5.59 
Composite IQ 1,215.81 | 79.57 15.28 





* With 9 and 490 degrees of freedom respectively, an F ratio will 
be significant at the 1 per cent level of confidence if it exceeds 2.45. 
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As a first step, use was made of a procedure 
described in a paper by Strother, Schaie, and 
Horst (9) which shall be referred to as the 
“Method of Multiple Mean Adjustment.”? The 
purpose was to correct group means on any 
given variable for the effect of one or more 
other factors without the necessity of correcting 
each individual score. The computations in- 
volved require the calculation of the beta re- 
gression vector of each of the variables to be 
corrected upon the correction factors. Table 4 
gives the necessary beta weights and the multi- 
ple correlations. Table 5 lists the mean PMA 
T-scores before and after correction, as well as 
the differences between these scores. In order 
to be significant, a difference would have to at- 
tain a magnitude of 4.0 score points at the 5 
per cent and 5.3 score points at the | per cent 
level of confidence. None of the differences 
between the raw and adjusted means are 
therefore significant. 

The analysis of covariance was next used for 
a formal over-all test of the hypothesis that the 
experimental results are due to sampling arti- 
facts. In addition to the multiple regression of 
the three socio-economic measures upon the 
Primary Mental Abilities scores for the total 
sample (shown in Table 4), comparable data 
were now needed also for the within age level 
component of variance. The appropriate within- 
group beta weights and multiple correlations 
are shown in Table 6. The data from Tables 4 
and 6 were now used to adjust variances in the 
PMA data (Table 3). The result of these 
analyses of covariance adjustments is presented 
in Table 7. If the null hypothesis is true then 
these adjustments should reduce the effect of 
age differences to the point where they become 
insignificant. In spite of the adjustments, how- 
ever, the differences remained significant. The 
null hypothesis is thus rejected. It must be con- 
cluded that the significant sub-sample differ- 
ences on three socio-economic variables do not 
affect the validity of the findings with respect 
to age changes on the Primary Mental Abili- 
ties Test. 


SUMMARY AND CONCLUSIONS 
The principal purpose of this paper was to 
evaluate the criticism that the results of cross- 


2A complete description, mathematical derivation of the correction 
formula, and computational instructions for the ‘Method of beige 
Mean Adjustment”? may be found in Strother, C. R., Schaie, K. W., 
& Horst, P., The relationship between advanced age and mental abili- 
ties. Unpublished manuscript, Document No. 5299, American Docu- 
mentation Institute, 1955. 
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sectional studies of psychological effects of aging 
are suspect because of the non-comparable na- 
ture of samples at various age levels. Appropri- 
ate aspects of cross-sectional methods were dis- 
cussed, and a representative study was closely 
examined to provide evidence for or against the 
criticism. 

One of the principal findings of the study 
used for this analysis was that there were sig- 
nificant age changes on the Primary Mental 
Abilities Test. The present paper raised the 
hypothesis that such findings could be an 
artifact of the cross-sectional sampling pro- 
cedure. The Method of Multiple Mean Ad- 


TaBLe 4. BeEtTA REGRESSION WEIGHTS AND MULTIPLE CorRELATIONS (TOTAL SAMPLE). 
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justment and analysis of covariance were used 
to test this hypothesis by adjusting for the effect 
of the significant socio-economic variables, 
These adjustments did not have any appreciable 
effect upon the main experimental findings be- 
ing examined. 

The results of the present paper would sug. 
gest that sampling over the major portion of 
the adult age range does indeed lead to the 
selection of sub-samples which show signif- 
icant differences in their socio-economic com- 
position. These sub-sample differences, at 
least in the example reviewed, do not necessar- 
ily affect the results on the psychological age 











Verbal-meaning Space Reasoning Number Word-fluency Composite IQ 
Years of education -.192 -.236 ~.247 -.080 -.079 084 
Income level .360 -214 .355 171 -104 .043 
Occupational level 499 .302 478 -350 422 .367 
R? .3336 0750 .2679 -1489 1712 .2073 
-274 -518 -386 414 455 


R -578 





TasLe 5. AGE CHANGES ON THE Primary MENTAL ABILITIES TEsTt. MEAN Scores BEFORE AND AFTER CORRECTION 


BY THE METHOD OF MULTIPLE MEAN ADJUSTMENT. 

















Verbal-meaning Space Reasoning Number Word-fluency IQ Comn =e 
Age level seni ee re ee eee | Sar See ener eer ern — args 
x Xe |Xe-X| X | Xe |XeX]} X Xe | Xe-X| X Xe | Xex xX Xe | Xe-X| X Xe X-X 

ne eee ee ee ee ee —---|—--—— a —————— —_ 
20 - 25 51.4 | 52.4, 1.0 | 54.8 | 55.4 | 0.6 | 56.2 | 57.9) 1.7 | 47.5 | 47.4 | -0.1 | 50.0 | 49.8 | -0.2 | 51.9 | 51.8) -0.1 
26 - 30 55.4 | 55.1 | -0.7 | 55.9 | 55.9 0.0 | 55.9 | 55.7 | -0.2 | 50.6 | 49.7| -0.9 | 51.1 | 50.2 | -0.9 | 54.2 | 53.4 | 08 
31 - 35 55.5 | 55.1 | -0.4 | 55.3 | 55.1 0.2 | 55.4 | 55.5 1.1 52.4 | 51.8 -0.6 | 53.7 | 53.4 | -0.3 | 55.4 | 55.2 | -0.2 
36 - 40 52.8 | 50.4 -2.4 | 53.0 | 51.9 | -1.1 52.4 | 50.1 | -2.3 | 51.3 | 49.9 | -1.4 | 50.6 | 49.5 | -1.1 | 52.4 | 51.7 | -0.7 
41-45 52.0 51.4 | -1.2 | 51.0 50.4 -0.6 | 53.0 | 52.0 | -1.0 | 52.3 | 51.7 | -0.7 | 52.8 | 52.4 | -0.4 | 53.1 | 52.8 | -0.3 
46 - 50 52.3 | 49.0 | -3.3 | 50.0 | 48.6 | -1.4 | 50.3 | 47.0 | -3.3 | 53.3 | 51.7 | -1.6 | 52.4 | 50.9 | -1.5 | 52.4 | 51.1 | -1.3 
51 - 55 49.1 | 47.7 | -1.4 | 47.8 | 47.1 -0.7 | 48.4 | 47.0 | -1.4 | 52.1 | 51.8 | -0.38 | 51.2 | 51.0 | -0.2 | 50.1 | 50.1 | 0.0 
56 - 60 46.6 | 47.9 1.3 | 45.2 45.8) 3.6 | 45.4 | 46.3) 0.9 | 50.1 | 51.2) 1.1 | 49.2 | 50.0! 0.8 | 47.0 | 47.9 | 0.9 
61 - 65 43.0 | 43.6 | 0.6 | 45.4 | 45.7 0.3 | 42.0 42.3) 0.3 | 45.1 | 46.0) 0.9 | 45.2 | 46.0) 0.8 | 42.6 | 43.6 1.0 
66 - 70 41.3 | 43.8) 2.5 | 41.6 | 42.9} 1.3 | 40.9 | 48.1 | 2.2 | 45.3/ 47.3 2.0 | 43.7/ 45.2] 1.5 | 40.9 | 42.3/ 1.4 











TaBie 6. Beta REGRESSION WEIGHTS AND MULTIPLE CorRELATION (WITHIN Groups). 


Composite IQ 








Verbal-meaning | Space Reasoning Number Word-fluency 
Years of education -292 -103 | .279 175 083 320 
Income level -107 .022 .179 .035 -.054 -.065 
Occupational level -242 .060 -150 -205 -382 -242 
R? .2983 .0262 .2454 .1360 -1840 .2598 
R -546 -162 495 .367 -429 .510 
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Taste 7. RESULTS OF THE ANALYSIS OF COVARIANCE 

TesTING THE EFFECT OF THE REGRESSION OF THE 

Prmary MENTAL ABILITIES UPON THE MEASURES OF 
EpucaTION, INCOME, AND OccCUPATIONAL LEVEL. 





Adjusted Adjusted F 
Variable between-group | within-group sees 
variance variance 
Verbal-meaning 647.89 56.42 11.48 
Space 886.67 89.27 9.93 
Reasoning 1,084.78 55.13 19.68 
Number 315.89 81.67 3.87 
Word-fluency 493.33 76.03 6.49 
Composite IQ 1,191.11 59.26 20.10 


®With 9 and 487 degrees of freedom respectively, an F ratio will 

be significant at the 1 per cent level of confidence if it exceeds 2.44. 
changes studied. Any cross-sectional study of 
aging, however, should be designed in such a 
way that the effect of differences in the popu- 
lation attributes of sub-samples can be assessed 
and controlled by statistical techniques. Ap- 
propriate techniques for handling this prob- 
lem have been indicated. 
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MAJOR PROBLEMS OF INDUSTRIAL GERONTOLOGY* 


K. F. H. MURRELL, M.A. 
(Un:t for Research on Employment of Older Workers, Department of Psychology, University of 
Bristol, U.K.) 


Most work in the field of social gerontology 
is directed toward solving the problems of the 
elderly, retired individual who by the very na- 
ture of his increasing difficulties in living makes 
impelling demands upon the social conscience 
of his fellow citizens. Yet the period after re- 
tirement is comparatively short. Wolfbein (16) 
has shown that for American men about 42 
years are likely to be spent in work compared 
with eight years in retirement. There are only 
a few studies dealing with the problems which 
face men in the latter half of their working 
lives. There is even less on the organizational 
problems of industry in coping with older work- 
ers. As it is, the young are well looked after, 
trained, and given opportunities for advance- 
ment; the old are being increasingly cared for; 
but those who are neither young nor old are 
left to get on with their developing problems as 
best they may. 

The study of the problems of the older 
worker may be called industrial gerontology, 
and its importance lies not only in the contribu- 
tion which it may make to the well-being of the 
older workers themselves, but also in the con- 
tribution it could make to higher productivity 
through establishing conditions under which 
older men can make optimum use of their 
skills. Industrial gerontology will be concerned 
with older workers at all levels in an industrial 
organization, both those employed on adminis- 
tration and those on the shop floor. It would 
seem, however, that the problems of the non- 
manual worker, although of equal importance 
to those of the manual worker, are of a some- 
what different nature, and they will not be 
considered in this paper. 

The following two cases illustrate some of the 
problems of the manual worker which need to 
be investigated. 


A. R. was born in Birmingham (England) in 1892. 
He left school at the age of 14 to work as a shop boy 
in a firm manufacturing light castings. In this capacity 
he was able in time to learn some machining and he 
also attended night school regularly. At 19 he was 
graded as a semi-skilled machinist. 


* This investigation was supported by a grant from The Nuffield 
Foundation, London, United Kingdom. 
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He served in World War I, rising to the rank of 
sergeant; and upon demobilization he returned to his 
previous job. In 1920 he was made a charge-hand; but 
in 1924 he was discharged due to a reorganization of 
the firm. He was out of work for 9 months, then was 
employed as machinist in a light general engineering 
firm. 

He was discharged in 1930 and was unemployed, 
except for a short period as a garage hand, until in 
1933 he secured employment in a motor car plant. 
Here he worked on an assembly line at a lower rate of 
pay than he had received on earlier jobs. He held this 
job without change until 1939 when he found it dif- 
ficult to maintain the pace of the line. He found an- 
other job as a cutter-off in a tube works. 

In 1941 he dropped a tube and damaged the toes of 
his right foot. This left him with a limp and at times 
he had pain when standing. In 1944 when reaching to 
the back of his machine to lift a tube into position he 
strained his back. He said nothing at the time, but he 
found it increasingly difficult to continue his work with- 
out pain. He saw the medical officer who recommended 
that he should take a lighter job. He tried to get trans- 
ferred to inspection where he might spend less time 
standing, but the firm felt he was too old for an in- 
spector’s job and offered him instead a job as a packer. 
He felt himself unable to accept the down-grading in- 
volved and so was discharged at the age of 55. At this 
age he had difficulty in finding another job in engineer- 
ing and, being a Registered Disabled Person, took a 
job as an elevator operator. 

He would like to retire at 65, but he is continuing to 
work because he has no pension other than the Old 
Age Pension, and because his savings were exhausted 
during his periods of unemployment. Although his in- 
jured foot and back make standing painful, he is men- 
tally alert; and he is still able to exercise some of his 
skill and to supplement his income by making toys in 
his workshop at home. 

]. C. was born in 1897 and at 14 was apprenticed to 
a motor firm. On completing his apprenticeship he be- 
came a skilled* machinist working mainly on milling. 
He served in World War I but did not return to his 
old job because the firm had been merged with an- 
other. 

He took a job as a borer; after two years became a 
charge-hand; and in 1926 moved, as foreman, to a 
small specialist firm of die makers. In 1931 the firm 
went into liquidation. He was able to regain employ- 
ment as a miller in a large general engineering firm, 
but with loss of seniority. Seeing no prospect of promo- 
tion he moved again in 1937 to the South West of 
England into the aircraft industry. He was, however, 
unsuccessful in gaining promotion and remained on the 
machine first as a grinder, then as a miller, and finally, 
throughout the war, as a turner. 

Soon after the war he began to experience low back 
pain when bending over his lathe. He also had in- 
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creasing difficulty with his vision, possibly, due to long 
periods of working to fine tolerances in poor light. As 
4 result, when the firm brought in consultants to es- 
tablish a bonus system, he found it difficult to make 
the bonus. He tried to get promoted to a supervisory 
position but was turned down because of his age (50 
years) and was turned down also for an inspection job 
because of his poor vision. 

In 1950, having saved a little money, he resigned and 
bought a small tobacco and newsagent business. In 
1954 his wife died. He sold the business, and eventually 
found a job washing motor coaches and doing minor 
repairs. 

These two case studies illustrate a number 
of problems of industrial gerontology. Both 
men made major changes in their jobs; both 
suffered disability through poor work design; 
both ended up, through no fault of their own, 
in jobs which were below the highest status 
each had achieved; one was unable to survive 
the introduction of a bonus scheme; both were 
unable to secure other jobs with their present 
employers when they were unable, through 
disability, to continue in their original jobs; one 
was unwilling to take a job involving loss of 
status; one was refused promotion because of 
his age; both suffered setbacks in their careers 
during the depression of the early 1930’s, when 
one was 35 and the other 40—setbacks from 
which neither was able to recover; neither made 
any attempt nor was afforded the opportunity 
to move into other work where he would have 
to learn a new skill; one left an assembly line 
because he found it difficult to maintain the 
pace. 

For convenience we will discuss these prob- 
lems separately, but in fact many of them may 
react one with the other, sometimes as causes 
and sometimes as effects. 


CHANGES IN JOBS 

Quite apart from changes in employer when 
men remain in the kind of work for which they 
were originally trained, they may during their 
working life be faced with the need to move to 
work which is unfamiliar. These changes may 
be minor or major. A minor change is of the 
kind made by A. R. when he moved to tube 
cutting—the job was new to him but had points 
of similarity to jobs he had held previously. In 
common with some major changes, a minor 
change may involve a measure of retraining, a 
point which will be discussed below. A major 
change would involve the decision to move to 
something quite new and unfamiliar. In effect 
this may be a “first retirement,” and it may 
raise as many or more problems for the indi- 
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vidual as does final retirement at age 65 or 
older. 

]. C., it will be remembered, with his failing 
sight, had to make up his mind whether to 
carry on or to risk his savings in a new venture. 
He was faced with a similar difficult decision 
when he lost the help of his wife through death: 
would he struggle on alone or make yet another 
major change, another retirement? While he 
may expect to get help with his problems after 
he has finally retired and when he is old and 
lonely, he will have had to face his earlier re- 
tirement alone. To industry he was a clock 
number which was not paying its way. The 
social gerontologist, on the other hand, pre- 
occupied with the problems of old age, seems 
to be able to offer little help. 

It is obvious that a great deal more needs to 
be known about the problems men face when 
they need to make a major change in their 
work patterns. It should become customary to 
speak of withdrawal from the working force as 
a final retirement, thus recognizing that for 
many men there may be, in addition, a first, 
second, or even a third retirement. 


LOST SKILLS 

Both our subjects left the engineering in- 
dustry when they might still have served at 
least another ten years. That loss of skilled 
men may occur during middle age is suggested 
by a survey of the engineering industry which 
showed that most of the more highly skilled 
jobs were held by men whose ages were from 
three to 13 years below that of the industry as 
a whole (10, 11). In one large firm this inverse 
relationship between age and level of skill em- 
ployed has remained roughly static over eight 
years. 

The causes of this inverse relationship are 
not altogether clear. Nor is it known what 
happens to men who must move from the more 
highly skilled jobs. Do they stay in the same 
industry, but take jobs which are below the 
best of which they are capable? Or do they 
leave the industry altogether? 

It was also shown in the study referred to 
above (11) that men are unlikely to stay in the 
same firm on a job which is inferior in status to 
their earlier job—practically all internal trans- 
fers over eight years in one firm were to su- 
perior jobs. Evidence is also given by Belbin 
(1) that men were rarely transferred to lower 
paid work before the age of 60 except on medi- 
cal grounds. 
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WORK DESIGN 

Until recently most machines have been de- 
signed without much consideration for the 
long-term effects on their operators. This is 
not entirely the fault of the designers, since so 
few studies have been made of the long-term 
effects to be expected from various features of 
design. It is only recently that data that will 
enable equipment to be produced as a man- 
machine entity have been made available to 
designers in usable form (8, 9, 17). As far as 
aging is concerned, pilot job analyses by Griew 
and Tucker (5) have suggested some modifica- 
tions which might be made involving such fac- 
tors as posture, complexity of control, or the 
extent of physical activity required. 

Yet any observant person who visits an in- 
dustrial plant can hardly fail to see many in- 
stances of unsatisfactory work design. These 
may include such features as bad posture, bad 
seating or absence of seating, limbs used in un- 
natural positions or beyond their normal limits, 
poor lighting, radiant heat stress, poor scale 
design (particularly on measuring instruments), 
too great a complexity of control functions, un- 
satisfactory instructions, overloading of one 
sense modality, and unsatisfactory cues for ac- 
tion. These hazards are far less dramatic than, 
for instance, chemical poisoning or conditions 
causing pneumoconiosis, and so may often be 
unrecognized. Thus, while it is difficult to be- 
lieve that a man who for twenty years has to 
bend over a lathe, or stand on one leg at a 
press, or work with one arm raised above his 
head can fail to suffer some ill effects, there are 
at present insufficient data relating disability to 
working conditions. It is possible that some of 
the ill health suffered by the elderly could be 


traced back to bad machine design. 


In addition to long-term effects, poor work 
design may also make it increasingly difficult 
for an older man to continue doing certain jobs, 
and so may be a major determinant of the re- 
lationships between age, level of skill employed, 
and loss of skilled men to the industry. This 
view is supported by a finding of Griew (4) 
that older men employed on “young” jobs have 
more accidents than would be expected. 

One aspect of work design on which there is 
some information is the pacing of work by 
machines. A machine which forces the operator 
to work at a constant rate will subject him to 
stress (3). This type of stress seems to be too 
great for men over 50 years of age (1, 2); per- 
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haps because the older men become slower or 
because they have greater variability in their 
cycle times. In either case they will miss more 
“beats” or find the strain of keeping up with 
the machine too much for them. 


BONUS SCHEMES 


A feature of the last 25 years has been the 
widespread introduction (at least, in the United 


Kingdom) of bonus systems of payment. These | 


schemes have often been introduced piecemeal 
without, it seems, any regard for the human 
problems involved. While the effect of some of 
these schemes has been reduced by the fallibil- 





ity of rate fixers, by bargaining over rates, and | 


by restriction of output to a target, there is no 
doubt that bonus systems, in some instances, 
work to the disadvantage of the older man. It 
seems probable that where rates are “tight,” 
and pressure is brought to bear on young and 
old alike to achieve a high production, the in- 
evitable slowing of the older man is bound, in 
the end, to take its toll. If the standard set is 
that of the best workers, and those falling below 
(and these must be the majority) are, as it 
were, considered to be failing in their jobs, then 
the older men must suffer more than if the 
standard is set lower and those who surpass it 
are considered superior. 

An unpublished study by Murrell, Griew, 
and Young at Bristol (12) has suggested that 
on the whole older men prefer a group bonus 
and dislike individual bonuses, often on the 
grounds that quality suffers (a study of the 
attitudes of older and younger men regarding 
quality of output might be revealing). On the 
other hand, some younger men dislike group 
bonuses on the ground that older men with 
whom they may have to work are slower and 


pull the bonus down for everyone—a point that | 


usually is not admitted by the older men. 

Since it seems that, for better or worse, these 
bonus schemes are likely to be a feature of in- 
dustry for some time to come, their effect on 
the older worker should be investigated. 


PROMOTION 


The term “promotion” is usually used to im- 
ply elevation from the shop floor to supervisory 
grades: charge-hand, setter, or foreman. In this 
sense, it is subject to company policy which, 
as with hiring policy, is founded on experience 


or custom. In another less commonly used con- | 


text it can mean upgrading or movement to 4 
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job that carries higher status, even if that job 
carries no greater authority or financial ad- 
vantage. 

In formal promotion there appears to be a 
discrimination against older men similar to that 
which is found in hiring. In the firm investi- 
gated by Murrell, Griew, and Tucker, of some 
775 men who were aged 49 or over 1947, not 
one had been promoted eight years later. Inter- 
views with men in another firm showed that 
most of the men over 50 had given up hope of 
any further promotion, and had resigned them- 
selves to “soldiering-on” until they were pen- 
sioned. 

It must be recognized that perhaps only one 
in ten can end up as foreman, and it might be 


| supposed that by the age of 50 all the pro- 


motable individuals in a cohort will have been 
promoted. The latter is not necessarily so, 
however, for luck can play too large a part—as 
it did with A. R. and J. C., both of whom be- 
came supervisors but then lost these posts 
through no fault of their own. To the outside 
observer it would seem that the loss of hope of 
further promotion (such as that experienced 
by officers in the Royal Navy who have been 
“passed over”) must result in loss of incentive 
to the man over 50. Little or nothing is really 
known about the ability of older men to make 
good in supervisory grades; about the effect on 
work attitudes of being passed over; or about 
the effect of seeing younger men, whom they 
themselves may have trained, being put in 
authority over them. 

Quite apart from promotion to supervisor 
there is movement to jobs which may carry a 
higher status in the informal hierarchy of an 
industrial community. Welford tells the story 
of a Cambridge College porter who was moved 
from the Front Lodge to the Back Gate. He 
pleaded to be allowed to return to his former 
post; his wife was being ostracized by the 
neighbors because of his believed loss of status. 
Status may be a powerful driving force (even 
the rat catcher now prefers to be called a rodent 
exterminator); and job movements which seem 
quite reasonable to management may well 
cause discontent because to the shop floor 
worker they involve a loss of status. As was 
mentioned earlier, in their study of job changes 
in a firm over a period of eight years, Murrell, 
Griew, and Tucker (11) found that practically 
all moves were made to jobs which appeared to 
be “superior.” They suggested that older men 


would leave a firm rather than admit that they 
could no longer cope with a job and rather 
than accept a job which involved loss of status. 
Belbin (1) also reported that in his industrial 
studies he found no evidence of downgrading of 
men under the age of 60. It would appear that 
any downgrading which does take place must 
occur when a man moves from one employer to 
another. 

The relative status of jobs in a company may 
be the result of tradition over the years (recent 
troubles in the shipbuilding industry in the 
United Kingdom seem to have arisen from the 
fears of a “craft” union that their members 
were losing their status). Yet employers may 
be able to create “status” jobs which need not 
necessarily involve either higher payment or 
responsibility, and which can be used to raise 
the morale of the older man who finds his 
accustomed work becoming too difficult. 


TRAINING 


It is generally believed that it is of little use 
to give most men over 40 training in a new 
job. Shooter and King (14) have examined a 
number of training schemes and have found 
that the performance in these courses of men 
over 40 was progressively inferior to that of 
younger trainees. They point out, however, 
that this finding is based on averages and that 
it is due not so much to a general lowering of 
the level of achievement but to greater individ- 
ual differences. They suggested further that the 
criteria by which success is judged (which fre- 
quently involve time stress) tend to favor 
younger trainees, and that success or failure is 
judged on performance at the end of the course 
and not on subsequent performance on the job. 

At first sight this may appear to confirm 
common belief; but in fact the number of men 
over 40 being trained is so small, and the data 
on their trainability are so scanty, that the best 
that can be said is that the current methods for 
training men over 40, where they exist, have 
not been very successful. This leaves wide open 
the question whether, if other methods had 
been used or other jobs chosen, greater success 
would have resulted. 

The view is also held that late starters in 
jobs such as drafting will not be able to advance 
beyond the lower grades, and that to train older 
men for such jobs would be unfair to them. But 
the financial difficulties of an older man may be 
greater and his status lower if he is thrown on 
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the labor market without any retraining than 
would be the case if he were retrained for a job 
of lower status than the one he once held. 

At present it appears to be more economic 
for firms to train younger men who, on the 
face of it, seem likely to give longer service in 
return, than to train older men. In addition, 
older men often have greater family responsi- 
bilities and their families must be supported 
while training is in progress. The greater po- 
tential return from training younger men may, 
however, be illusory, since such evidence as 
there is suggests that young men are likely to 
give shorter service than older men (11). 

Failure to retrain our older men may, in the 
short run, be to the interest of private industry; 
but it will be against the interest of the nation 
as a whole, and in the long run, of private in- 
dustry itself. It may well be that men should 
be given training in government centcrs on 
grounds of their age alone, in the same way as 
training is given to those who suffer from 
severe physical disabilities. 

All this presupposes that it is possible to re- 
train older workers, and here we are on very 
shaky ground indeed. Very little is known of 
the extent to which retraining can be carried 
out or of the kind of skills in which retraining 
is possible. 


RE-EMPLOYMENT PROSPECTS 


The difficulty of older men in obtaining re- 
employment is one of the few problems in in- 
dustrial gerontology which has thus far received 
attention. The Watkinson Committee (13), 
for instance, pointed out that Labour Exchanges 
found older men more difficult to place; that 
many jobs were controlled by arbitrary age 
limits; that some pension schemes discriminate 
against older entrants and in some instances 
almost prevent their employment; that in the 
event of a general trade recession or local re- 
dundancy in individual firms or industry older 
men are usually the first to lose their jobs. 
These, however, are largely administrative 
problems, in which decisions are made on the 
basis of custom; they are really effects rather 
than causes, and while discussion may be valu- 
able, these problems are not likely to be solved 
until some of their causes have been overcome. 

It seems fairly evident that if a man has !eft 
his employment voluntarily because he has 
found the work too difficult or the pace too fast, 
he will not want to seek another post with sim- 
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ilar difficulty. Yet this is usually the only possi- 
bility open to him, since it is the only job he 
knows. Alternatively, if a man has been dis- 
charged from a job because he can no longer 
give the service expected, the same reason will 
make it unlikely that other employers will take 
him on. He will be faced with the same alter- 
natives as the man who left voluntarily. 


In theory, when skilled labor is scarce, most 
employers will engage any man who can do the 
task required of him irrespective of his age. 
This brings us back again, however, to the 
problem of the design of the work and to its 
pace. Again it seems quite probable that good 
work design, since it should increase the em- 
ployability of the older man, will help solve 
some of the problems of re-employment. 

If, during a period of full employment, older 
men find it difficult to get jobs, it is even worse 
for them when there is some measure of un- 
employment. Murrell, Griew, and Tucker (11) 
have shown that men aged 57 to 64 are 65 per 
cent more likely to lose their jobs during a 
redundancy than are men under 50; and there 
is reason to suppose that they would be the 
first to go should there be a recession. One 
thing seems clear: that a man thrown out of 
work at 55 for, say, three years will find it 
much more difficult to get back into employ- 
ment than would a man of 25. A similar situa- 
tion may well arise when automation is intro- 
duced, or when a merger takes place (15). 

Employers can hardly be blamed for think- 
ing that younger men are likely to be more 
worth retaining than older men, since through 
experience or custom this view has become 
commonly accepted. Unfortunately, there is 





very little real evidence on the relative merits 
of older and younger men. There is some evi- 
dence that older men will give one-third longer 
service than younger men before leaving volun- | 
tarily (11) and that they are not adversely 
affected by the heaviness of a job (1), but data | 
on accidents (4, 6, 7), absence, time keeping, 
quality of work or productivity are either con- 
flicting or scanty. Nor is sufficient yet known | 
of the ability of older men to learn new skills. 





CONCLUSION 


From middle age onward many men find 
their work becoming progressively more diff | 
cult. It should be the object of industrial geron- | 
tology to search for the causes of difficulty and 
where possible to recommend remedies. From 
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what has been said it will have been realized 
that a major cause of difficulty for older work- 
ers is the nature or organization of the work. 
Clearly, jobs planned so that men can continue 
without strain until final retirement will elimi- 
nate problems of re-employment and retraining 
and, possibly also, of ill health. This, however, 
cannot be immediately or completely realized. 
The present need is for research on the various 
topics discussed above. The most important of 
these would seem to be: 
|. What are the factors in the work situation 
which cause difficulties to older men? How 
can they be remedied? 
. What avoidable long term health hazards 
(other than toxic hazards) are present in a 
work situation? 


i) 


. What is the effect of bonus schemes on older 
men? 


w 


4, What are the determining factors in promo- 
tion and how do they discriminate against 
the older man? What is the role of “status” 
in job satisfaction? 


. To what extent can older men be retrained? 
What age group is, economically, most worth 
training? 


ul 


6. What is the basis of discrimination against 
older workers in employment policy? What 
are the attributes of older men which make 
them worth employing? 

7. What is happening to men who give up their 
accustomed jobs because they can no longer 
cope with them? What can be done to help 
men over their first and subsequent retire- 
ments? What is the extent of the skill lost to 
the community due to these retirements? 
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What are the economic consequences? 


8. What are the bases of the present attitudes 
of industry toward the older worker? What 
is needed to alter these attitudes and to pro- 
duce personnel policies more sympathetic to 
older workers? 


These questions, by no means an exhaustive 
list, imply an enormous program of research. 
Yet, if interest in industrial gerontology de- 
velops at a rate comparable with that already 
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existing in other gerontological fields, there is 
no reason why substantial advances should not 
be made in the foreseeable future. 
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A NOTE ON LEVEL-OF-ASPIRATION BEHAVIOR AND AGING 


ARNOLD D. KRUGMAN, Ph.D. 
(Veterans Administration Center, Martinsburg, West Virginia) 


Techniques for studying levels of aspiration 
have been used in a variety of ways for a 
variety of purposes. Studies relating aspira- 
tional levels to social class (5), to cultural com- 
parisons (8), to adjustment (2), to physical 
status (9), and to personality variables (3, 10) 
are noted in the literature. 

The present study explores the relation be- 
tween aging and goal-setting, or level-of-aspira- 
tion, behavior. It was felt that an investigation 
in a specific psychological area could shed some 
light on a function which may be related di- 
rectly to the aging process. 


METHOD 


The technique described by Rotter (6) was 
used in this study without modification. The 
apparatus consisted of a board with a grooved 
center, on either side of which were visibly 
marked numbers representing scores; a one- 
inch steel ball; and a miniature cue. Scores 
range in ascending and descending order from 
a mid-point of 10 to an end point of 0. The 
subject is asked to hit the ball with the cue 
and to try for as high a score as possible. 

After a series of practice trials (a “trial” is 
the total score for five hits), the subject is told 
that, before each trial begins, he is to estimate 
the score he expects to get. He is told further 
that he will be credited for this score if he 
reaches or exceeds his estimate. If he falls 
below his estimate, he is penalized two points 
for each point he falls below. Each subject is 
required to complete a series of 20 trials. 

From among the residents of a Veterans Ad- 
ministration Domiciliary, 39 white males, rang- 
ing in age from 70 to 86, were selected on the 
basis of two criteria: 1) absence of psychiatric 
disorder, 2) physical disability not disabling 
enough to prevent participation in the task. 
Each of these veterans, although physically dis- 
abled to some extent, was fully ambulant and 
capable of self-care. The group had an aver- 
age of approximately eighth-grade education, 
ranging from no formal schooling to medical 
school graduation. Five college graduates were 
included in the group. Although the occupa- 
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tional achievements of the majority were along 
semiskilled lines, the group included two re- 
tired physicians, a lawyer, a detective, an engi- 
neer, a draftsman, and a chemist. 


A group of 36 white, male, nursing assistants, 
who ranged in age from 22 to 36 and who had 
an average of approximately ninth-grade edu- 
cation (ranging from fifth grade to first-year 
college), was utilized for comparative purposes. 


Comparisons between the groups were made 
on the following measures: 


1. Discrepancy (D) score—The mean of the differ- 
ence between each trial performance and subsequent es- 
timate in the series of twenty trials. 

2. Shifts—The total number of changes in estimate 
made during the series. 

3. Repression (R)—The number of times during a 
series in which a subject forgot to estimate his score. 

4. Pattern analysis—Analysis of total response of in- 
dividual performances. Included in the analyses are 
levels of estimation and performance; the frequency, 
direction, and nature of shifts in relation to successful 
and unsuccessful performance; and test behavior. 


We followed Rotter’s schematic presentation 
(6), in which patterns of response are described 
briefly as follows: 

1. Low positive D-score pattern.—Subject estimates 
somewhat higher than past performance, adjusts to suc- 
cess or failure. 

2. Low negative or very slightly positive D-score pat- 
tern.—Estimate is slightly lower than in the first pat- 
tern, with subject displaying more cautiousness in ap- 
proach. 

3. Medium high D-score pattern.—Higher estimatss, 
but not out of keeping with reality. 

4. Achievement-following pattern. — Each _ estimaté 
close to, or equaling, previous performance. 

5. Step pattern —Persistent attachment to original e 
timate. With an estimate once made, the subject does 
not lower it and does not adjust to repeated failures e- 
cept by verbal rationalization. 

6. Very high positive D-score pattern.—Unrealisticall; 
high estimates in terms of past performance, with fre 
quent occurrences of unusual shifts and forgetting 
estimate. 

7. High negative D-score pattern.—Frequent dowt- 


ward shifts after success to avoid possibilities of failure | 
8. Rigid pattern—No shifts despite success or failure; | 


non-involvement pattern. 


9. Confused or breakdown pattern.—Unpredictable | 


performance; no consistency in actions. 
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LEVEL OF ASPIRATION 


The nine patterns range in order from so- 
cially acceptable to socially unacceptable modes 
of response to problem situations. The first 
three patterns appears to represent adequate 
and acceptable efforts toward self-evaluation of 
ability in problem-solving. The remaining pat- 
terns are reflective of unreal solutions, such as 
escape from reality, avoidance, severe constric- 
tion, limited achievement level. 


RESULTS 


Table 1 indicates that, despite the consider- 
able difference in age between our young and 
old groups, performance in many of the meas- 
ured areas was fairly close. Ability to perform 
the task, as measured by performance scores, 
was essentially similar. Quantitative aspiration 
levels, as measured by discrepancy-scores, were 
practically equal for both groups. However, a 
trend toward fewer shifts in estimate by the 
older group was apparent. 


TaBLtE 1. Comparisons BETWEEN 39 OLD AND 36 YOUNG 
SUBJECTS ON PERFORMANCE AND ASPIRATION MEASURES. 


Measure Old Young 
Subjects Subjects 
1. Performance score: 
Mean 22.4 A 
Standard deviation 4.8 3.3 
2. Discrepancy score: 
Mean 1.06 -70 
Standard deviation 5.17 2.90 
3. Shifts: 
Mean number 6.03 7.81 
Standard deviation 4.83 4.99 
4. Per cent of successful trials : 48 52 
5. Percent of shifts after: 
Success 23* 
Failure . 15 19 
6. Per cent of unusual shifts ; 6 3* 
7. Mean discrepancy score of subjects 
with more: 
Success than failure (18 old subjects, 
19 young subjects) ’ -3.00 55* 
Failure than success (21 old sub- 
jects, 17 young subjects) 5.49 2.78* 
8. Per cent forgetting estimate one or 
more times: 
Total (191 repressions for old sub- 
jects, 36 for young subjects)... . 90 47* 
After success (18 old subjects, 5 
young subjects)... - 51 33 
After failure (17 old subjects, 11 
young subjects) en ‘ 49 67 
9. Mean discrepancy score of subjects 
forgetting more: 
After success. -1.24 ~3.60 
After failure. . 3.42 2.87 


* Indicates a measure for which the difference between old and 
young groups is significant at the .01 level of confidence or beyond. 
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Although both groups achieved similar per 
cents of successful trials (performance reaching 
or exceeding estimate), the older group did not 
shift estimates as often after success or failure 
as did the younger group. Despite this lowered 
incidence of shifting, the older group exhibited 
significantly more unusual shifts (shifting esti- 
mate upward after failure and/or downward 
after success) than did the younger group. 

The discrepancy scores of 18 older and 19 
younger subjects who were more successful than 
unsuccessful during their performances were 
significantly lower than the scores of those who 
achieved more failure than success. However, 
those of the older group who succeeded appar- 
ently did so by underestimating their ability to 
a larger extent than did the young group. Those 
of the older group who failed more often than 
they succeeded overestimated their ability to a 
far greater extent than did the comparable 
young group. 

Forgetting to estimate occurred one or more 
times during the performance of 35 per cent of 
the older subjects. This group accounted for 
191 repressions (forgetting to estimate), 94 oc- 
curring after failure and 97 after success. These 
figures differed markedly in the younger group. 
Only 17 (47 per cent) of the younger subjects 
failed to remember one or more times, for a 
total of 36 repressions. Twenty-four repressions 
occurred after failure and 12 after success. The 
older group tended to forget to estimate pro- 
portionately fewer times after failure, and pro- 
portionately more times after success, than did 
the younger group. Furthermore, as many old- 
sters forgot to estimate following failure (17) 
as forgot following success (18), while among 
the younger group twice as many forgot to esti- 
mate following failure as forgot following suc- 
cess. 

Although differences between the discrepancy 
scores of the total groups did not appear, signif- 
icant discrepancy-score differences were found 
when the scores of those who forgot more fre- 
quently after failure were compared with those 
who forgot more frequently, or as often, after 
success. The discrepancy scores were signif- 
icantly lower for the latter group in both old 
and young subjects, but the performances of 
both groups in this area were fairly comparable. 

Table 2 reveals the results of the analysis of 
the total response of individual records. We 
note that only 26 per cent of the older group 
(10 subjects) utilized the first three socially 





acceptable responses. Thus the majority (74 
per cent) utilized maladaptive response pat- 
terns. This contrasts significantly with the 
younger group, 24, or 67 per cent, of whom ex- 
hibited adequate problem solving methods. 

Among the approaches adopted, the rigid pat- 
tern (escape or non-involvement) was mani- 
fested by 10 oldsters and only 3 of the younger 
group. Of the 10 oldsters in this group, 3 com- 
bined with their rigid approach a high negative 
pattern, while 3 others combined a very high 
positive pattern with the rigid approach. 

Six of the older group and none of the 
younger group used the very high discrepancy- 
score pattern approach alone, while five of the 
older and two of the younger subjects used the 
high negative discrepancy-score pattern alone. 
It can be seen, then, that the setting of “ex- 
treme” goals was a characteristic associated 
more frequently with our older sample. In ad- 
dition, the only confused or breakdown pattern 
noted was located in the older group. 

The most frequently noted response pattern 
of the younger group was the low negative or 
slightly positive discrepancy-score pattern. Six- 
teen of the younger sample and only 5 of the 
older group accounted for this type of perform- 
ance. 

CONCLUSIONS AND DISCUSSION 

Those reactions most frequently associated 

with less stable adaptation were located within 


Taste 2. DisTrRIBUTION OF RESPONSE PATTERNS OF 39 
OLp anp 36 YouNG SuBJECTs. 








Old Subjects Young Subjects 
Pattern ———— = lies 
| Num- Per Num- Per 


ber Cent ber Cent 


1. Low positive discrep- : 

ancy score........... 3 | 8 1 3 
2 Low negative or 

slightly .positive dis- 





crepancy score........ 5 is.) 46 44* 
3. Medium high discrep- 
ancy score........... 2 5 7 19 
Subtotal,.......... | 10 | 26 24 67* 
4. Achievement-following 3 8 8 | 8 
ere 4° 10 4 | 11 
6. Very high positive dis- 
crepancy score........ 6 15 0 o* 
7. High negative discrep- 
ancy score........... | 5 13 2 6 
eee ee 10 25 3 8 
©. Combened... ...cccscee 1 | 3 0 0 
Total...............| 39 | 100 36 =| 100 





* Indicates a pattern for which the difference between old and 
young groups is significant at the .01 level of confidence or beyond. 
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the older sample. The pattern analysis dis. 
closed that maladaptive responses were utilized 


by significantly more of the older than of the 
younger group. Other authors (3, 4, 7) have 


suggested that defensive reactions, rather than 
motivation to achieve, may be involved in “ey. 
treme” estimates of goal. The more emotionall; 
secure or self-accepting, the closer to reality 
would be one’s self-appraisal. Insecurity, then, 


may be an emotional factor which would be 


more characteristic of our older group, and 
which would account for the greater variety o| 
maladaptive efforts to maintain balance. 


This conclusion was implied by the perform- 
ance of those subjects who succeeded more often 
than they failed. Although the discrepancy- 
scores of both young and old successful groups 
were significantly lower than the discrepancy 
scores of the failure groups, the difference was 
greater in the older group. This finding sug- 
gests that the older group expressed greater 
need for self-protection, and for protection 
against failure. They were able to resolve the 
issue by making exceedingly low estimates 
which would insure success. 

In addition, the discrepancy scores were con- 
siderably lower for those subjects of both group: 
who forgot to estimate more frequently follow- 
ing failure than following success. It is sug- 
gested that, for both older and younger subjects, 
need to avoid failure conflicted strongly with 
the culturally oriented needs for status (high 
achievement and high aspiration level) and 
that this conflict resulted in a painful repres- 
sible situation. 


Again, as a reflection of greater protective 
needs and less flexibility, the total older group 


exhibited tendencies to shift estimates less fre- 
quently than the total younger group both 
after success and after failure. This tendencj 
could reflect, on the older group’s part, less 
involvement with momentary triumphs and de- 
feats. Although motivated to react to success 
and failure, the responsiveness to these stimul 
is more constricted outwardly. Yet the older 
group produced more unusual shifts than did 
the younger group, again suggesting far great! 
instability in overall performances. 


SUMMARY 


The purpose of this study was to investigatt 
possible relations between advanced age ani 
level-of-aspiration behavior. The protocols 0 
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LEVEL OF ASPIRATION BEHAVIOR AND AGING 


the Rotter Level of Aspiration test obtained 
from 39 white male domiciliary members rang- 
ing in age from 70 to 86 years were compared 
with protocols obtained from 36 white, male, 
nursing assistants whose age range was 22-35 
years. 


It was found that goal levels were similarly 
low for both groups, that low flexibility in ad- 
justing to success and failure was more charac- 
teristic of the older group, that greater need for 
self-protection and more vulnerability to stress 
were manifested by the older group, and that 
more maladaptive and extreme patterns of re- 
sponse were exhibited by the older population. 
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PREPARATION TIME AND CHOICE IN RELATION 
TO AGE DIFFERENCES IN RESPONSE SPEED 


JOSEPH F. BRINLEY, M.A., AND JACK BOTWINICK, Ph.D. 
(Section on Aging, Laboratory of Psychology, National Institute of Menta! Health, 
National Institutes of Health Public Health Service, U. S. Department of Health, 
Education and Welfare, Bethesda, Maryland) 


This study is one of a series intended to dis- 
cover factors relevant to the slowing of psycho- 
motor processes with age. Previous investiga- 
tions have been concerned with the relation of 
age differences in response time to such vari- 
ables as peripheral conduction velocity (2), 
motivation (4), and set or readiness (3). 

Botwinick, Brinley, and Birren (3) reported 
that age differences in reaction time were in- 
creased at short preparatory intervals when 
these were varied randomly in a series with 
longer intervals. It was not clear whether this 
effect was related more directly to the brevity 
of the intervals or to inaccurate expectancies 
about the time of the stimulus occurrence. The 
main purpose of the present study was to deter- 
mine whether age differences in response time 
would increase at short intervals even though 
experimental conditions facilitated accurate ex- 
pectancies about the time the stimulus for re- 
sponse would occur. A second purpose of the 
experiment was to compare the relation between 
age differences in response speed and interval 
duration in a simple response situation with the 
same relation in situations in which the sub- 
jects had to choose from alternative responses 
during the intervals. 


METHOD 

Thirty men served as the subjects. The 15 
older subjects ranged in age from 65 to 81 
years, and their median age was 70 years. The 
ages of the 15 younger men ranged from 19 to 
32 years, with a median of 20 years. The older 
subjects were retired community residents. 
Eleven of the younger men were college stu- 
dents, and 4 were laboratory technicians. The 
number of years of schooling ranged from 8 to 
16 years in the elderly population, with a 
median of 14 years. The younger group had 
gone to school from 12 to 18 years, with a 
median of 14 years. 

The main features of the apparatus were a 
visual stimulus display and two response levers. 
The stimulus display consisted of four 7-watt 
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frosted lamps which were arranged to form the 
corners of a square with 4-inch sides. The dis- 
play was placed about 20 inches directly in 
front of the subject, at a height midway be- 
tween his shoulders and his waist and inclined 
toward him at an angle of 20 degrees with the 
horizontal. The lever to be operated with the 
right hand was placed midway between the two 
lights on the right-hand side of the display 
square. It could be moved toward either of 
these lights. The other lever was similarly 
placed at the left-hand side of the square. 

Seated before the stimulus display, the sub- 
ject grasped the response levers between the 
thumb and forefinger of either hand. The ex- 
perimenter began each trial by setting off a 
“ready” buzzer, which sounded for 0.5 second. 
A 2.5-second delay followed the buzzer sound. 
After the delay, one of the stimulus lights came 
on. The subject then waited until he heard a 
1,000-cycle tone of 85-decibel intensity through 
earphones before moving the proper lever to- 
ward the lighted lamp. The movement of the 
lever turned off both light and tone. Response 
times were recorded to the nearest .01 second. 

Warning intervals, the intervals between the 
onset of the light and the tone, differed from 
conventional preparatory intervals or forepe- 
riods because they were preceded by the delay 
of 2.5 seconds. Warning intervals were held 
constant for a series of nine trials in each con- 
dition of the experiment in order to facilitate 
accurate judgment of the length of the inter- 
vals. The simple response times of every sub- 
ject were measured with warning intervals of 
0.5, 1.0, and 4.0 seconds. 

Response times of each subject were measured 
also in situations that required a choice of alter- 
native responses during the warning interval. 
In these choice situations the subject could not 
anticipate the correct response until the begin- 
ning of the warning interval because the light 
indicating the appropriate response was varied 
randomly in successive trials. Eight elderly and 
seven young subjects chose from two alterna- 
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tives while the remaining seven older and eight 
younger men chose from four alternatives. The 
warning intervals in the choice conditions were 
of the same length as those in the simple re- 
sponse conditions. 

The subjects were instructed to respond as 
quickly as possible and were given several prac- 
tice trials in a situation requiring a choice in 
order to familiarize them with the task. The 
order in which conditions succeeded one an- 
other were balanced, with older and younger 
subjects matched for each order used. 


RESULTS 

Figure | indicates the relation of the mean 
response times to the duration of the warning 
interval and to the number of alternatives from 
which the subjects had to choose during these 
intervals. Each subject was represented by the 
median value of the nine measurements in each 
condition. 

Age differences in response time increased 
significantly at the shorter intervals. Variance 
analyses revealed that the relation between age 
and the duration of the warning interval was 
significant in the simple response situation 
(p<.05), in the choice situations with the data 
from the two-choice and four-choice groups 
combined (p<.01), and for the combined data 
of simple and choice situations (p<.01). Al- 
though Figure 1 seems to show that choice in- 
creased the age differences at the 0.5 second 
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age groups in relation to warning interval duration and 
to number of alternatives in situations requiring choice. 
Mean response time is based on the median values of 
individual subjects. The older group (indicated by the 
lines connecting open dots) was 65-81 years of age; the 
younger group (indicated by the line connecting solid 
dots) was 19-32 years. 
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interval, this increment was not statistically 
significant. A variance analysis contrasting 
simple and choice conditions did not revea} sig- 
nificant interactions between age and choice or 
among age and choice and warning int¢rvals 


(p>.05). 





DISCUSSION 


In this study, shortening the warning {nter- 
vals to 0.5 second resulted in an increase ita age 
differences in response times. The warning in- 
tervals were held constant throughout a ‘series 
of trials, giving the subjects a basis for accurate 
estimation of the time of stimulus occurrence. 
The observed increment, therefore, appears to 
be related directly to the brevity of the interval. 
The results indicate that older persons needed 
longer than 0.5 second to get optimally ready 
to respond. 

Since the warning interval was preceded by 
a 2.5 second delay, it may be argued that in 
simple response situations the subjects could 
actually utilize more time than was provided 
by the warning interval for preparing a re- 
sponse. However, it is not likely that the 
younger subjects actually needed this time be- 
cause their response times did not increase at 
the 0.5 second interval in the choice situations 
where anticipation was impossible. If older 
persons, on the other hand, utilized some of the 
delay period for preparation, this assumption 
seems to emphasize the point that they needed, 
or at least used, more time to get optimally set 
for response. 

The interpretation of these results depends 
upon the extent to which the increased age 
differences for short intervals could have been 
eliminated by further practice. Retests of both 
simple and choice response times with warning 
intervals of 0.5 seconds were obtained from 9 
older and 14 younger subjects. The small 
amount of practice involved in 9 additional 
trials lowered mean age differences in response 
time by .05 second in both the simple and the 
choice situations. This age difference in prac- 
tice effect was statistically significant (p<.05), 
and it was greater in magnitude than the origi- 
nal age differences measured at the 1.0 and 4.0 
second intervals. Therefore, it was concluded 
that part of the increase in age differences at 
the 0.5 second interval reflects a learning diffi- 
culty. This experiment does not, of course, in- 
dicate whether practice could have completely 
eliminated the increase in response time at the 
0.5-second interval. 
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Choice was included as a variable in this ex- 
periment because discussions of age changes in 
skills (1, 5, 6) often point to slowness in evalu- 
ating a stimulus and in selecting a response as 
causes of loss of timing ability. If this is true, 
older persons should have greater difficulty 
in getting set for a response during a brief 
warning interval when response preparation 
involves making a choice than when it does not. 
Introducing the choice requirement did not, 
however, increase the age differences in re- 
sponse time by reliable amounts. Failure to ob- 
tain an acceptable level of significance for the 
choice variable may have been due to the small 
sample. Nevertheless, this experiment suggests 
that in situations which demand organization 
of responses within intervals as short as 0.5 
second older persons may have difficulty which 
is not primarily associated with evaluation of 
the stimulus or with selection of a response. 


SUMMARY 


Response times of two age groups were mea- 
sured in conditions which varied the duration 
of the interval between a warning light and an 
auditory signal for response. The age groups 
comprised 15 men aged 65-81 years and 15 men 
aged 19-32 years. The simple response times 
were measured for warning intervals of 0.5, 1.0, 
and 4.0 seconds. In other conditions the sub- 
jects were required to choose from either two or 
four alternative responses during the same 


BRINLEY AND BOTWINICK 


warning intervals. Intervals were held constant 
within a series of trials. 

Age differences in response time were in- 
creased significantly in both the simple and the 
choice conditions with 0.5 second intervals. 
However, responses involving choice did not 
result in significantly larger age differences than 
did simple response preparation. Since a small 
amount of practice reduced the age differences 
in both simple and choice conditions at the 0.5 
second interval, it may be concluded that at 
least part of the increments for the older per- 
sons in the original testing resulted from diff- 
culty in learning to prepare for a response dur- 
ing so brief an interval. 
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BOOK REVIEWS 


Ageing and Human Skill. By A. T. WetForp. London: 
Oxford University Press, 1958. Pp. vi + 300. $4.00. 

Although the author describes this kook as a “final 
report,” it differs in many attractive ways from the 
sort of document that Americans, at least, would expect 
on the basis of such a description. It is true that the 
book summarizes the research carried out by some two 
dozen investigators during the ten-year period from 1946 
to 1956 that the Nuffield Unit for Research into Prob- 
lems of Ageing was a part of the Psychological Labora- 
tory of Cambridge University, but it does a great deal 
more than that. Welford has included experimental 
work from this country and elsewhere that is relevant 
to the work performed at Cambridge; and he has inter- 
preted all the results within the framework of a con- 
ceptual model appropriate for the analysis of human 
skills. 

In the first chapter Welford emphasizes the often- 
neglected fact that performance changes with age are the 
result of changes in a compensating organism. He con- 
ceives the changes as being of essentially two sorts: the 
deteriorative changes that set in after biological matu- 
rity is reached, and which are due to physical and 
chemical factors, and the usually opposite sorts of 
changes that result from past experience in dealing with 
the environment. In other words, skilled performance 
would be a monotonically increasing function of practice 
were it not for the deteriorative effects of the biological 
changes which come with increasing age. The resultant 
of these two processes is further modified by their inter- 
action with the difficulty level of the task and by certain 
other parameters such as the relation between the re- 
quired standard of achievement of the task and the 
momentary capacity of the performer. 

In the second chapter, “On the Nature of Skill,” 
Welford develops the conceptual model of perceptual- 
motor behavior which serves as the organizing theme 
for the rest of the book. Between the physical stimulus 
and the observed response are three quasi-independent 
processes—receptor, translation, and effector. Receptor 
processes include the traditional phenomena of percep- 
tion and their dependence upon past experience; trans- 
lation processes provide the transition from input to 
output and may be regarded as the same sort of pro- 
cesses that others have called decision-making; effector 
processes are generalized response dispositions rather 
than specific muscle movements and include such things 
as rhythms, knacks, and dexterities. These three pri- 
mary intervening processes are interrelated by feedback 
mechanisms in such a way that the final output is de- 
tived from the concerted action of all. Welford feels 
that a change in skill can have its locus in any of these 
processes, and that an important aspect of research in 
human skills is the attempt to affect these processes 
differentially. 

Although many objections could be raised against this 
conceptual model as a basis for a theory of perceptual- 
motor skills, it serves as an excellent descriptive device 
for organizing the experimental results reported in the 
remainder of the book. Subsequent chapters deal with 
the results of investigations on speed and accuracy of 
movement, pacing, translation tasks, perception, prob- 
lem solving, learning and memory, and adaptability. 


Each of these topics is worthy of detailed review, but 
shortage of space permits only the observation that the 
research is in general of very high quality, is freqlsently 
ingenious, and is reported in a clear and systematic way 
that makes for quite casy reading. 

This book will undoubtedly be of greater intefest to 
the psychologist working on perceptual-motor skills than 
to the average gerontologist, if only for the reasof that 
few of the research results obtained in the afea of 
human skills so far have clear-cut applications ta prac- 
tical problems of the aged worker. At the samé@ time, 
the applications which eventually become available will 
stem from just such basic investigations as these! Fur- 
thermore, the descriptive model of behavior developed 
by Welford will, provide those gerontologists who are 
not specialists in experimental psychology with a con- 
ceptual scheme which is nicely balanced between the 
chaos of unorganized empirical observation and the for- 
bidding mathematics of rigorous hypothetico-deductive 
theories. 
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Organized Religion and the Older Person. Eprrep By 
Detton L. Scupper. Gainesville: University of Florida 
Press, 1958. Pp. 113. $2.50. 

This is a report on the Eighth Annual Southern Con- 
ference on Gerontology held at the University of Florida 
in April, 1958. The book contains a Preface, Foreword, 
eight papers and a Conference Summary. The editor’s 
summary identifies the various threads which run 
through the papers. These are: 1) Religion defined in 
terms of its functions; 2) Research reports and the defi- 
nition of religion in terms of organizational participa- 
tion; 3) Research reports and minor results; 4) Research 
difficulties; 5) Earlier preparation for age; and 6) Spe- 
cific examples of the ministry of organized religion to 
the aged. 

The first two papers, by Hiltner and Barron, indicate 
the functions organized religion is presumed to perform 
in the lives of those who have reached later maturity. 
These are: to help individuals face up to the various 
losses which have to be met, including loss of life; to 
help find and maintain a meaningfulness and signif- 
icance in life; and to help discover and utilize potential 
values. The next two papers demonstrate some of the 
ways in which organized religion has served the aged. 
The first of these, by Entman, relates the philosophy 
and practice of the Jewish Community; the second, by 
Poteat, describes the activities of a Protestant (Com- 
munity) church in Florida which has a large congrega- 
tion of older persons. 

The contributions by Albrecht, Schumacher, and Co- 
valt present the Social, Psychiatric, and Medical aspects 
of the meaning of religion to older people. The con- 
clusions of each of these papers are essentially the 
same: although organized religion may have functions 
to perform for older persons, the primary problem 
seems to be to get older persons to participate in reli- 
gious activities. The data presented in these three papers 
and in Barron’s paper indicate that there is no mass 
flocking of people to churches as they grow older. Wo- 
men are more active than men in attendance and par- 
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ticipation in church work; churches are attended more 
frequently in rural areas than in urban areas; and when 
one of a church-going couple dies, the remaining spouse 
frequently participates less than before. The last paper, 
presented by Blizzard, emphasizes the need of alerting 
both professional and lay leadership in the churches 
to the problems of the growing population of older 
people. 

This book clearly demonstrates that most of the research 
effort reported has been directed toward the general pop- 
ulation, and has not been concerned primarily with peo- 
ple in retirement. The little research done specifically 
for the papers presented here is of a relatively super- 
ficial character and adds little to our knowledge about 
the place of organized religion in the lives of older 
people. These short-comings are not a reflection on the 
contributors or on the Conference so much as a demon- 
stration of the lack of professional interest and incen- 
tive to carry on research in this area. However, valu- 
able suggestions are made to religious leaders and to 
scientific investigators concerning church programs and 
areas of research which could be pursued with profit. 

JOSEPH T. DRAKE 
Professor of Sociology 
Davidson College 


The Older Worker in Industry. By G. Hamicton Crook 
AND Martin Hetnstein. Berkeley: Institute of Industrial 
Relations, University of California, 1958. Pp. vi + 
143. $2.00. 


One of the problems which arises to plague an indus- 
trial society centers around the entire question of retire- 
ment for the society’s workers—industrial and other- 
wise. Provisions of Old Age and Survivors Insurance 
have at least tended to establish 65 as a compulsory 
retirement age. Vigorous debate has been carried on as 
to whether retirement should be compulsory or op- 
tional, and if compulsory, at what age it should take 
place. This debate has taken place in terms of the 
employer’s interests and the interests of society; with- 
out much attention being given to the desires of the 
retiring worker, nor to the possibility that the older 
worker is being maligned by the proposition that he is 
no longer valuable to his employer. 

The Institute of Industrial Relations at the University 
of California has been carrying on a long-range study 
of aging in an industrial society under a grant from 
the Rockefeller Foundation. Part of that study has con- 
sisted of an attempt to determine the attitudes of the 
workers themselves toward the problems of aging and 
retirement—an area in which very little work has been 
done and where very little is known. 

This report is based on a survey of 846 industrial 
workers, skilled, semiskilled, and unskilled, ir. the San 
Francisco and Los Angeles areas. A 90-minute inter- 
view was held with each worker during which an ex- 
tensive questionnaire was filled in; company and union 
records were consulted concerning the employee’s work 
history and productivity; and a supervisor’s estimate of 
each worker was obtained. All available data were an- 
alyzed and interpreted to gain information about older 
workers which might bear upon their optimal utilization 
in industry. Attention was paid to the worker’s attitude 
toward such things as: jobs and working, age ana aging, 
retirement and the future, and retirement policies. The 
relation between age and work performance was also 
considered. 
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The study does not seem to have produced any start- 
ling results, but there are important and interesting in- 
dications about the aging process. Surprisingly little evi- 
dence was uncovered of a negative attitude on the part 
of the older worker toward either himself or his job— 
this in the face of the widely-accepted cliches to the 
effect that the older worker is slow, accident prone, 
unproductive, unable to learn, irritable, etc. Of course, 
the older workers thought of themselves as younger than 
their chronological age, and did not feel in general that 
their age handicapped them in the performance of their 
duties. The study showed that the closer a worker came 
to retirement age, the less favorably inclined he was 
towards retirement. Few workers had realistic retire- 
ment plans or had made any preparation for retirement. 
The attitude toward a fixed retirement age, also, tended 
to become negative with approaching retirement. How- 
ever, there was a considerable sentiment, even among 
older groups, towards a fixed retirement age. This senti- 
ment was not explained. Few significant relationships 
were found between performance measures and aging. 
There probably are more differences between individuals 
than between groups, and this highlights the difficulty 
of making sweeping generalizations concerning aging. 

This study, of course, is not definitive, as few studies 
in such a field can be. It is based on a limited sample 
and makes no pretense of being other than what it is. 
Its importance lies in the fact that it attacks a new 
area in the whole field of aging in an industrial society 
and lays a firm groundwork on the basis of which much 
future research can be carried on. A highly desirable 
result (which may emerge from this line of investiga- 
tion) would be some kind of an index of aging which 
could be used to determine the best retirement age for 
each man, for industry, and for society. 

W. P. DILLINGHAM 
Florida State University 


The Older Population of the United States. By Henry 
D. SHELDoN. Introduction and summary chapters by 
Crark Tissitts. New York: John Wiley and Sons, 1958. 
Pp. xiii + 223. $6.00. 

This is one of the Census Monograph Series, prepared 
under the auspices of the Social Science Research Coun- 
cil, by the Chief of the Demographic Statistics Branch 
of the U.S. Bureau of the Census. It uses the 1950 census 
as a base, and gives many comparisons with demo- 
graphic data from earlier censuses, with special empha- 
sis on the period since 1900. 

There are chapters on age structure, geographic distri- 
bution of the older population, employment, occupation, 
marital status, housing, and income. The study draws 
upon the major demographic studies of recent years as 
well as census data for a comprehensive presentation of 
what is known by demographers concerning older people 
in the United States. There is recognition that the 
existing information is inadequate in certain areas, 
notably those of income and housing arrangements. An 
interesting section dealing with age distribution in the 
suburbs shows that the percentage of older people in 
the suburbs depends upon the age of the suburbs. 

The summary chapter by Clark Tibbitts is written 
more descriptively than the main body of the book 
and clearly presents the main facts. 

This book will serve well as a# convenient single 
source of demographic data in libraries which want 4 
basic collection of books on gerontology. (Eds.) 
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Developmental Psychology. By EtizaseTtH B. Hurtocx. 
2nd ed. New York: McGraw-Hill Book Co., 1959. Pp. 
xi + 645. $6.75. 

The purpose of this book, to quote from the Preface, 
is “to give as complete a picture of the developmental 
changes of the total life span of the normal human 
being as is possible within the covers of one book.” 
The new edition gives greater attention to the adult 
portion of the life span than did the original text, 
which appeared in 1953. After nine chapters devoted 
to development from conception through late adoles- 
cence, there are two chapters each on early adulthood, 
middle adulthood, and old age. 

As indicative of the increased interest of psychologists 
in the middle and late years, this new edition is a 
welcome addition to what is as yet a very tiny body 
of teaching materials available io instructors of under- 
graduate courses who attempt to deal with post-adoles- 
cent development. The book does not, however, present 
an adequate treatment of adulthood and old age. The 
two chapters on middle age reflect in part a situation 
not of the author’s making—that there is, in fact, a 
relative paucity of research findings from which to draw. 
The author has not, however, sufficiently dealt with the 
research which does exist, nor does she take a sufficiently 
tentative approach. These chapters offer many general- 
izations which, while they may turn out to be correct, 
are aS yet unsupported by research findings. The two 
chapters on old age suffer from a somewhat different 
defect, for there is scant justice given to what is now 
quite a large and respectable research literature on the 
aged. The approach is given more to value judgments 
and pessimistic interpretations than to scientific fact. 

Perhaps these shortcomings will be outweighed by the 
fact that as students are stimulated to consider social 
and psychological development in the adult years, there 
will appear more research and more textbooks; and that 
books like this will, in the long run, have a constructive 
influence on the field of gerontology. (Eds.) 


Relationships Within Three-Generation Families. By 
Wittiam M. Situ, Jr., JosepH H. Britron, AND JEAN 
O. Brirron. (College of Home Economics Research 
Publication 155.) University Park, Pa.: College of 
Home Economics, The Pennsylvania State University, 
April, 1958. Pp. 42. 


This is a study of virtually all the three-generation 
households (97 and 45 respectively) in two Pennsyl- 
vania communities; one, an urban community of 10,000 
population; the other, a rural village of 2,000. Nearly 
two-thirds of the households were found to consist of 
the first generation, their daughter, and her family. In 
half the cases economic reasons were given as most 
important in the decision to live: together, usually for 
the benefit of the older generation. 

Data were obtained by interviewing a member of 
each generation within each household on such topics 
as reesons for living together; financial, physical, and 
social arrangements; attitudes toward best possible living 
arrangements for older people; parent-grandparent 
agreements and disagreements regarding behavior of 
third-generation members (the majority of whom were 
teen-agers); factors which children and grandchildren 
like and dislike about living with parents; and so on. 


There is also an analysis of the social adjustments of 
the older persons in relation to several of these factors. 

The study is descriptive only (no hypotheses were 
tested). The data are neither treated with great imagi- 
nativeness nor tested for statistical significance. Neither 
are findings examined in a wider context—for example, 
it would have been valuable to compare the attitudes of 
the second- and third-generation groups with those held 
by persons of similar ages who do not live in three- 
generation households but for whom similar data are 
available. 

Despite such shortcomings, however, the findings them- 
selves are of considerable interest, given the present 
dearth of research on three-generation households. To 
mention only a few such findings, it would appear that 
attitudes are quite similar in the two communities; 
that in about half the households, no major problems 
between the two adult generations are reported; that 
the youngest generation, while relatively free in ex- 
pressing disagreements with adults, seem to disagree no 
more frequently with parents than with grandparents; 
and that all three generations are quite consistent with 
regard to the norms governing the behavior of older 
people. (Eds.) 
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HE SUBJECT categories are those in A Classified Bibliography of Gerontology and Geriatrics by 

Nathan W. Shock published by Stanford University Press, Stanford, California (1951). Only 
major headings are used and the Roman numerals correspond to those given in the bibliography. 
In so far as possible, references are classified according to organ systems. Thus, most of the material 
on Geriatrics will be found under the organ system involved in the disease. Cross references are 
indicated by number at the end of each section. When available, abstract references are given 
(B. A—Biological Abstracts: P. A—Psychological Abstracts, and P. |—Population Index). Abbre- 
viations for journals are those used ir A World List of Scientific Periodicals Published in the years 
1900-1933, 2nd Edition. For journals not listed, abbreviations were devised according to the general 
rules used in the above source. It is impossible to cover all journals and list all papers concerned 
with aging and the aged. Authors and publishers are requested to call attention to publications or 
to send reprints to the Gerontology Branch, Baltimore City Hospitals, Baltimore 24, Maryland. 
The assistance of the Forest Park Foundation, Peoria, Illinois, in the preparation of these materials 
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